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Abstract 


The  Digital  Interactive  Controller  Evaluation  System 
(DICES)  it  a  naer  interactive  aystea  which  peraita  the 
iapleaentat ion  of  digital  controller  designs  based  on  the 
TNS32010  d ig i t a  1- a igna 1-proc e a  a ing  aic roproc e a  so r  for  a 
given  single  input-s ingle-outpnt  plant  aodel.  DICES 
partitions  the  controller  design  into  second-order  3D 
filter  sections  and  quantizes  the  coefficients.  These 
coefficients  are  loaded  into  a  generic  filter  prograa 
written  in  TMS32010  asseably  language,  which  are  then 
asseabled  and  loaded  into  the  TMS32010  for  execution.  The 
controller  can  be  placed  in  the  forward  or  feedback  path  of 
an  analog  computer  system  which  reflects  the  plant  model. 
Performance  data  is  obtained  via  IEEE-488  controlled 
instruments  under  control  of  a  VAX  11/780. 


DEVELOPMENT  OF  A 


DIGITAL  INTERACTIVE  CONTROLLER 
EVALUATION  SYSTEM  (DICES) 

I.  Introduction 


The  nse  of  digital  filteri/coiptnittori  offers  stny 
important  engineering  advantages,  inch  as  reproducibility 
and  a  guaranteed  level  of  performance,  increased  ease  in 
changing  the  filter  characteristics,  and  the  possibility  of 
t ime- shsr ing  the  same  hardware  system  among  a  multiplicity 
of  filtering  functions  (14:ix).  With  the  advent  of  high¬ 
speed.  spec i sl-purpo se  microcomputers  dedicated  to  digital 
processing  applications,  it  is  possible  to  implement 
complex,  high  sample-rate  digital  filters  and  digital 
signal  processors  (8).  There  are  many  computer-aided-design 
(CAD)  packages  available  for  analysis  and  design  of  such 
digital  controllers  and  filters.  However,  there  seldom 
exists  a  means  to  readily  implement  the  design  in  order  to 
test  it  on  a  realistic  plant  model.  The  performance  will 
often  vary  substantially  from  the  predicted  theoretical 
performance  because  of  effects  of  finite  wordlength, 
arithmetic  operations  (e.g.,  truncation  and  rounding),  and 
A n a  1 o g - t o - D  i  g  i  t a  1  (A/D)  and  D i g i t a  1 - t o - An  a  1 o g  (D/A) 
converter  errors.  CAD  design  packages  such  as  those 
referred  to  above  typically  assume  a  'near  infinite' 


precision  implementation  which,  of  coarse,  is  not  the  real 


world'  . 

There  are  several  hybrid  computer  simulation  programs 
available  (41)  that  simulate  (via  software)  a  continuous 
plant  model  and  also  provide  simulation  (again  via 
aoftware)  of  a  finite  word  length  digital  controller  placed 
in  the  closed-loop  system.  These  are  very  useful,  but  do 
not  allow  for  the  ‘real-world*  interfacing  of  a  real 
control  algorithm  executing  on  a  real  finite  word  length 
computer.  There  have  been  many  hybrid  simulations  (via 
hardware)  where  a  plant  is  simulated  on  an  analog  computer 


This  is  s  very  realistic  'simulation'  because  the  only 
simulation  is  that  of  the  continuous  plant  model  on  the 
analog  computer,  vhich  can  be  of  very  'high  fidelity*. 
Thus,  the  hardware  hybrid  simulation  is  an  excellent  tool 
for  studying  the  effects  of  implementing  a  digital 
controller  on  a  finite  word-length  machine  in  order  to 
control  a  plant  that  has  been  simulated  on  an  analog 
computer . 


The  AFIT  Department  of  Electrical  and  Computer 
Engineering  acquired  a  Texas  Instruments  TMS32010 
Evaluation  Nodule  (EVN)  and  Analog  Interface  Board  (AIB) 
for  laboratory  use.  These  two  modules  contain  a  TMS32010 
microprocessor.  An  a  1 o g- t o-D i g i t a  1  (A/D),  and  Digital-to- 
Analog  (D/A)  converter.  There  was  also  a  wealth  of  digital 
signal  processing  (DSP)  software  available  that  executed  on 
the  AFIT  Information  Sciences  Laboratory  Vax  11/780.  The 
laboratory  also  has  a  Bruel  and  Ejaer  Model  2032  System 
Analyzer  and  a  Wavetek  172B  Signal  Generator,  both  of  which 
are  capable  of  remote  programming  via  an  IEEE-488 
interface.  An  LSI-11  was  also  available  to  function  as  a 
local  controller.  It  was  desired  to  integrate  the  EVM,  AIB, 
B/K  2032  ,  and  Vavetek  172B  into  an  interactive  digital 
controller  evaluation  system.  This  system  could  also 


incorporate  an  analog  plant  simulator  and  any  applicable 
software  packages  available  on  the  VAX  11/780. 


The  problem  is  to  1)  develop  requirements,  2)  design, 
and,  3)  implement  a  system  which  allows  implementation  of 
digital  controller  designs  in  a  closed-loop  Single-Input- 
Si  n g  1  e - On t p u t  (SISO)  system  which  has  the  plant 
characteristics  modelled  by  an  analog  computer.  The  system 
must  also  incorporate  a  means  to  evaluate  performance  of 
the  closed-loop  system  using  standard  f i g ur e s-o f- m e r  i  t 
metrics  (5:309-312).  This  system  will  be  called  the  Digital 
Interactive  Controller  Evaluation  System  (DICES). 

Approach 

This  thesis  investigation  consists  of  two  major 
phases.  The  first  consists  of  requirements  definition  and 
analysis  for  DICES.  The  second  phase  consists  of  the  design 
and  implementation  of  a  subset  of  the  requirements  defined 
in  phase  one. 

In  Phase  One,  the  overall  system  performance  will  be 
analyzed  and  requirements  generated  from  this  analysis. 
During  the  design  phase,  the  requirements  will  be  allocated 
to  functional  blocks  within  the  system  structure  (Figure 
3).  This  phase  will  generate  requirements  for  a  generic 
system  of  which  portions  will  be  implemented  in  Phase  Two. 

Phase  Two's  implementation  subset  will  consist  of  a 
portion  of  each  of  the  major  requirements  of  Phase  One. 


The  primary  emphasis  of  this  phase  will  be  to  implement 
DICES  such  that  it  provides  a  basic  capability  for  digital 
controller  implementation,  as  well  as  provide  a  basis  for 
fntnre  expansion  of  the  system. 


System  Concent 

The  Digital  Interactive  Controller  Evaluation  Syatem 
(DICES)  is  a  nser  interactive  system  which  permits  the 
implementation  of  digital  controller  designs  on  a  state-of- 
the-art  16-bit  microprocessor  (Figure  2).  This  system  also 
gives  the  user  access  to  a  computer-aided-design  package 
(15,16)  to  design  a  digital  controller  based  on  a  given 
continuous  plant  model.  The  user  is  free  to  use  any  of  the 
techniques  and/or  approximations  (6:354-421)  that  exist  to 
design  the  digital  controller.  Once  the  design  is  complete, 
the  user  will  be  able  to  implement  the  controller  algorithm 
on  the  high-speed,  16-bit  TNS32010  microprocessor.  The 
plant  can  be  simulated  using  conventional  analog  computer 
circuits  (35).  A  means  to  evaluate  the  controller's 
performance  in  a  closed-loop  mode  will  be  provided  using  a 
remotely  programmed  system  analyzer.  The  user  can  then 
compare  the  theoretical  performance  with  the  actual  'real- 
world'  performance  metrics  obtained  from  DICES.  This 
controller  can  then  be  inserted  into  a  'real-world'  closed- 


loop  control  system,  if  desired. 


svstcn 

ANALYZER 


DICES  consists  of  five  major  functional  areas  (Figure 


3)  . 


a.  User  interface  -  Provides  the  user  with  menu- 
driven  options,  data  storage,  and  results  of  tests. 

b.  System  Configuration  -  Provides  the  control 
necessary  to  configure  components  of  system  for 
initialization,  test,  etc. 

c.  Filter  Implementation  -  Provides  the  implemen¬ 
tation  of  the  controller  design,  G^fx)  or  Gc(z)  (Gbc(z) 
means  either),  to  be  executed  on  the  microprocessor.  G^fz) 
is  a  feedback  compensator  while  Gc(z)  is  a  cascade 
compensator . 

d.  Plant  Modelling  -  Provides  the  user  with  a  method 
of  simulating  a  physical  plant  or  process  to  be  controlled. 

e.  Performance  evaluation  -  Controls  the  tests  on 
the  System-Under-Test  (SUT),  which  includes  the  controller 
(A/D,  D/A,  Zero-Order-Hold  (ZOH),  and  TMS32010),  and  plant. 
The  ZOH  is  normally  contained  within  of  the  D/A  convertor. 
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Figure  3.  Functional  Areas 


Literature  Searc^ 

Current  and  past  literature  reviewed  included  work  in 
the  area  of  hybrid  coaputer  simulations  (11,13),  design  of 
Automated  Test  Systens  (40),  inplenentat ion  of  digital 
filter  designs  (3,4,6,8,13),  effects  of  finite  word  length 
inplenentat ions  (6,8,13),  and  analog  computer  sinnlation 
techniques  (33). 


Daring  Phase  One,  a  Data  Flow  Diagram  technique  (see 
appendix  C)  is  used  to  analyze  and  define  system 
requirements.  This  is  accomplished  by  a  top-level 
functional  decomposition  which  allows  detailed  analysis  of 
the  system  functions.  These  requirements  are  then  allocated 
to  functional  blocks  within  DICES. 

Phase  Two  consists  of  the  design  and  implementation  of 
a  subset  of  requirements  from  Phase  One.  This  system  is 
then  tested  to  determine  compliance  with  the  requirements 
levied  upon  it. 

Recommendations  for  further  enhancements  to  DICES  are 
given  in  order  to  increase  its  usefulness  and  versatility 
as  a  design  tool. 

StfRfttnm 

This  thesis  is  organized  in  accordance  with  the 
general  sequence  of  activities  undertaken  during  this 
investigation,  keeping  in  mind  that  the  development  process 
is  an  incremental,  iterative  process.  This  chapter 
presented  an  introduction  to  the  topic  of  this 
investigation  and  the  background  of  the  topic. 


Chapter 

II 

de  f ine  s 

the  system 

design 

requirements 

followed  by 

the 

system 

f unc  t ions  1 

requirements.  The 

requirements 

are 

then  analyzed  to 

determine 

the  proper 

functional  block  to  which  they  will  be  allocated. 


Chapter  III  designs  a  software  and/or  hardware  system 
that,  when  implemented,  will  meet  the  requirements  levied 
npon  each  functional  block  of  the  system. 

Chapter  IV  describes  the  implementation  via  software 
and/or  hardware  of  the  design  from  Chapter  III. 

Chapter  V  describes  the  tests  performed  on  the 
functioning  system  and  presents  the  procedure  used  to 
implement  the  tests. 

Chapter  VI  discusses  the  conclusions  and 
recommendations  from  this  investigation. 


1)  Subroutines 

2)  Data  element/data  flow  descriptions 

3)  Process  descriptions 

4)  File  descriptions 


C  -  briefly  describes  Data  Flow  Diagrams 
D  -  System  Test  Data 

E  -  VAX  FORTRAN  program  listings  which  make  up  the 


host-resident  software  portion  of  DICES 


II .  Requirements  Analysis  »nd  Definition 

Introduction 

In  order  to  design  t  system  of  any  complexity,  it  is 
essential  to  fully  understand  the  requirements  of  the 
system,  i.e.»  what  is  the  systea  supposed  to  do  and  how 
well  should  it  do  it?  It  is  also  imperative  that  a 
structured,  top-down  flow  of  requirements  takes  place  in 
order  to  be  certain  that  the  final  systea  design  meets  each 
of  the  requireaents. 

It  is  the  intention  of  this  chapter  to  first  define 
the  systea  design  requireaents  followed  by  the  systea 
functional  requireaents.  The  requirements  will  then  be 
analyzed  to  determine  the  specific  functional  block  they 
will  be  allocated  to  within  the  systea.  Iapleaentat ion  of 
the  requirements  allocated  to  each  functional  block  will  be 
accomplished  in  chapter  four  by  a  hardware  and/or  software 
aodule  designed  to  satisfy  the  requireaents. 


Svstea  Requirements 

A  general  block  diagram  of  DICES  as  viewed  froa  a  CAD 
perspective  is  shown  in  figure  4.  There  is  a  user  interface 
(I/F),  control,  data  base,  external  interface,  and  filter 
hardware  (H/W)  (the  digital  coutroller/plant  systea). 
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Figure  4.  CAD  Perspective  of  DICES 

The  top-level  systea  design  requirements  ere  es 
follovs  (16): 

o  Efficient  User  Interface  (15:130) 
o  Modularity 

o  Concurrent  Docnnentst ion  (17:32) 

Etch  of  these  systen  requirements  (see  figure  5)  ere 
now  discussed  in  aore  detail. 


Figure  S.  System  Design  Requirements 


Man-machine  interaction  or  communication  is  a  two-way 
information  exchange  to  accomplish  a  specific  objective. 
This  communication  must  actively  involve  both  parties:  The 
user  provides  creativity  and  decisions  while  the  computer 
provides  fast  and  accurate  storage  and  retrieval  of  data, 
and  performs  rapid  calculations  (18:3).  An  interactive  mode 
must  be  used  in  order  to  provide  feedback  to  the  user  as  to 
the  status  and  response  to  input.  The  user  can  direct  the 
system  to  provide  assistance  (HELP  files),  correct  an 
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,  or  perform  tome  other  system  task  (17:13). 

According  to  Larimer  (15:14).  an  effective  interactive 


control,  error  protection,  and  tier  assistance. 


Proa  ram  Control  (16:13-14).  The  nser  mast  be  given  a 
high  degree  of  flexibility  and  control  over  the  system 
operation.  The  nser  mast  be  able  to: 


o  Stop  the  system  and  later  restart  without  loss 
of  data 

o  Abort  a  command  without  terminating  the  entire 
s imalat ion 

o  Control  the  flow  of  the  system's  actions  with 
as  little  effort  as  possible 


In  summary,  the  user  must  have  nearly  complete  control 
of  the  system's  operations  and  sequence  of  activities.  The 
system  must  however  maintain  a  watch  over  the  user  input  to 
avoid  'dumb'  mistakes. 


According  to  Veinberg  (  19:313),  a 
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filter  coefficients  and  performance  test  results.  The  user 


must  be  able  to  : 

o  Retrieve  the  design  parameters  from  a  previous 
session  and  use  them  again 
o  Store  current  work  for  later  use 
o  Store  and  retrieve  test  results  for  later 
comparison 

Error  Protection  (16:15-16).  DICES  must  provide  some 
form  of  error  protection  and  recovery  to  avoid  making  DICES 
attempt  to  execute  an  illegal  operation  (either  in  a 
FORTRAN  sense  or  an  operation).  According  to  Thamea  (20),  a 
CAD  system  must  be  able  to  tell  the  user  that  it  understood 
what  the  user  directs,  and  more  importantly,  when  the 
system  does  not.  The  system  must  provide  : 

o  Protection  against  premature  program 
termination  due  to  user  input  errors 
o  Ability  to  recover  from  input  errors  without 
starting  from  'scratch' 

o  Good  error  messages  and  other  forms  of  user 
feedback 

User  Assistance  -  HELP  (16:1$).  Because  both  new  and 
experienced  users  may  use  the  system,  the  user  interface 
must  cater  to  both.  The  novice  may  require  substantial 
amounts  of  assistance,  while  the  experienced  user  may  need 
none.  The  HELP  function  must  provide: 


o  HELP  to  the  user  at  any  time  when  the  next 
step  is  not  understood  by  the  user 
o  Ability  to  selectively  list  options  to  the 
user 

&X-LLX 

Modularity  in  a  relatively  large  system  such  as  DICES 
is  mandatory.  Furthermore,  the  systea  is  modular  by  nature, 
just  because  of  the  'clearly  defined*  requirements,  e.g., 
filter  implementation,  performance  testing.  This  enables 
the  large  systea  to  be  decomposed  into  several  smaller, 
more  manageable  systems.  The  modules  of  the  systea  should 
exhibit  a  low  degree  of  'coupling'  and  a  large  degree  of 
'cohesion'  to  obtain  some  measure  of  independence  of  each 
module  (6:423-472).  According  to  Kernighan  and  Plaugher 
(21:64),  modularity  of  design  is  best  applied  to  the  system 
design  when  modules  are  loosely  coupled  (highly 
independent)  and  and  each  module  ’does  one  thing  and  does 
it  well’  (functionally  cohesive).  Clearly,  this  approach 
makes  sense  for  almost  any  system,  be  it  software, 
hardware,  or  a  combination  of  both. 


Documentation 


Documentation  is  defined  as  information  about  a  system 


available  in  writing  (22:38$).  Documentation  of  the  entire 


development  process  is  required  in  order  to  document 
decisions  made  during  the  requirements  definition,  design, 
and  implementation  phases.  While  it  is  important  to 
document  hardware  thoroughly,  it  is  especially  important  to 
document  software.  Software  exists  only  in  its 
documentation  (6:424),  so  if  a  poor  job  is  done  in 
documenting  a  software  system,  then  the  product  is  a  poor 
software  system,  whether  it  current lv  works  or  not.  The 
major  item  of  user  documentation  for  DICES  is  the  PICES 
User's  Mannal.  This  manual  will  present  an  informal 
introduction  and  overview  of  the  system  and  information 
about  what  problems  can  be  solved  by  the  system. 

In  addition  to  the  user's  manual,  there  will  be 
detailed  documentation  describing  the  design  process  and 
the  implementation  of  the  design  requirements.  The  software 
will  be  documented  both  in  comment  form  within  in  the  code 
as  well  as  detailed  documentation  (flowcharts,  data 
dictionaries,  modules  descriptions)  within  this  thesis. 

Grogono  (23:351)  proposes  several  guidelines  for  'in- 
code*  documentation  as  outlined  in  Logan's  work  (16:19): 

o  The  program  should  include  a  prologue  with  a  brief 
title  for  the  program,  the  name  of  the  programmer, 
a  description  of  what  the  program  does,  and  a 
description  of  the  input  required  by  the  program  as 


allow  comparison  of  other  designs  or  with  the  theoretical 
resalts  obtained  from  a  CAD  package.  The  functional  flow  of 
the  'control  problem’  (5:15)  and  how  DICES  relates  to  that 
flow  follows.  The  cortrol  problem  as  mentioned  above  was 
examined  and  broken  into  six  major  processes  (Fig  6).  DICES 
accomplishes  the  last  four  of  these  processes  to  varying 
degrees,  while  the  first  two  are  performed  prior  to  using 


given  followed  by  an  in-depth  analysis  of  each  level  using 
Data  Flow  Diagrams  (DFD)  (6:427-433).  This  top-down  decom¬ 
position  approach  is  a  graphical  technique  that  is 
organized  as  a  tree  structure  with  a  parent-child 
relationship  (6:431).  Vhile  this  technique  is  described  in 
the  reference  as  a  software  engineering  tool,  it  is  very 
well  suited  for  a  system  design  project  such  as  DICES.  A 
short  summary  of  the  DFD  technique  is  given  in  Appendix  C. 


Process  1.0,  establishing  the  performance 
specifications  of  the  system  under  study,  is  the  first  step 
in  solving  a  control  problem.  There  are  many  trade-offs 
here  and  the  original  performance  requirements  may 
eventually  be  modified  if  they  are  not  attainable  within 
other  constraints  (e.g.,  cost,  schedule,  technical). 


Top-level  Functional  Fl< 


T 


Process  2.0,  the  development  of  a  plant  model,  is 
typically  the  critical  factor  in  designing  a  useful, 
practical  control  algorithm  (12:25).  If  a  good  mathematical 
model  is  not  obtained,  then  the  design  effort  that  follows 
will  probably  be  wasted!  This  is  also  probably  the  most 
difficult  step  in  designing  a  good  controller.  The  designer 
typically  has  many  trade-offs  to  make  during  the  model 
development  phase,  such  as  linear  vs.  non-linear 
differential  equations,  stochastic  vs.  deterministic,  and 
reduced-order  vs.  higher-order,  higher  fidelity  model.  The 
challenge  is  to  develop  the  simplest  model  that  is  adequate 
to  allow  the  design  of  a  controller  algorithm  that  meets 
the  system  specifications. 

Process  3.0,  the  simulation  of  the  plant  model,  is  the 
first  step  in  which  DICES  plays  a  role.  Processes  1.0  and 
2.0  are  done  prior  to  using  DICES  (5,6,12,13,14).  In  DICES, 
the  simulation  of  the  SISO  plant  is  done  using  conventional 
analog  computer  techniques  on  a  EAI  TR-48  Analog  Computer 
System.  The  user  can  develop  as  complex  a  model  as  desired. 
DICES  will  assist  the  user  in  interfacing  the  plant 
simulator  to  DICES,  instructing  the  user  how  to  connect 
cables  and  so  forth. 

Process  4.0,  the  design  of  the  controller  is  performed 
using  a  CAD  package  such  as  TOTAL  or  ICECAP  (15,16).  DICES 
will  allow  the  user  to  'connect'  to  the  system  containing 
the  CAD  packages  and  the  user  is  free  to  design  the 


controller.  When  the  analysis  indicates  an  adequate  design, 
the  controller  transfer  function  is  then  transferred  in 
factored  forai  to  the  next  process  step. 

Process  S.O,  the  iapleaentation  of  the  controller 
transfer  function  ,  G  ^  c ( Z )  is  performed  by  using  the 
factored  fora  of  0^(2)  to  iapleatnt  L(n  +  D/2-I*  cascaded 
second-order  sections.  The  basic  strnctnre  of  the  second- 
order  sections  (ID,  2D,  etc)  (6,13)  is  an  option  the  nser 
determines.  This  ispleaentat  ion  is  a  c  c  o  sip  1  i  s  h  e  d  by 
determining  the  coefficients  and  scaling  factors  to  be 
inserted  into  a  general-purpose  cascaded  second-order 
digital  filter  program  that  is  loaded  into  the  TMS32010 
microprocessor. 

Process  6.0,  closed-loop  performance  testing,  is 
accomplished  by  inserting  the  controller  into  the  closed- 
loop  control  system  and  executing  the  controller 
algorithm.  The  tests  to  be  performed  on  the  closed-loop 
system  are  remotely  programmed  into  the  B/K  2032  System 
Analyzer  by  the  VAX  11/780  via  the  IEEE-488  bus.  The  B/K 
2032  monitors  the  input  and  and  output  of  the  closed-loop 
system.  The  test  sequence  is  executed  until  completion  and 

*  “  smallest  integer  greater  than  or  equal  to  (n+l)/2 


the  results  are  displayed  on  the  user's  terminal  or  on  the 


screen  of  the  system  analyzer.  The  user  also  has  fall  front 
panel  control  of  the  B/K  2032  System  Analyzer  which  permits 
analysis  of  the  test  data.  The  output  may  also  he  directed 
to  a  line  printer  or  X-T  plotter. 

After  the  test  process  is  complete  and  results  stored, 
the  user  can  compare  the  results  with  the  theoretical 
results  and  determine  if  the  design  iteration  shown  in 
figure  4  is  required.  If  not,  the  controller  is  complete 
and  ready  to  be  used  to  control  the  real  plant. 

Fqgptippyl  Aregg 

The  process  levels  divide  DICES  naturally  into  five 
major  functional  areas.  These  functional  blocks  will  be 
allocated  specifications  at  the  completion  of  the 
requirements  definition  phase.  The  five  functional  blocks 
of  DICES  are: 

a.  User  interface  -  Provides  the  user  with  menu- 
driven  options,  data  storage,  and  results  of  tests. 

b.  System  Monitor  and  Configuration  -  Provides  the 
control  necessary  to  configure  components  of  system  for 
initialization,  test,  etc. 

c.  Filter  I  mp 1 e m e n t a t  io n  — P r o v  i  d e s  the  implemen¬ 
tation  of  the  digital  controller  design,  Ghc(*)»  to  be 
executed  on  the  microprocessor. 


d.  Plant  Modelling  -  Providea  the  nser  with  an 
analog  computer  simulation  of  a  physical  plant  or  process 
to  be  controlled. 

e.  Perforaance  evaluation  -  Controls  the  performance 
of  the  tests  on  the  Sys tea-Unde r-Te s t  (SUT),  which  includes 
controller  and  plant. 

Now  that  the  top-level  functional  flow  and  system 
functions  have  been  addressed,  it  is  necessary  to  analyze 
each  of  the  last  four  process  levels  individually  in  more 
detail.  Each  will  be  analyzed  and  requirements  defined  and 
allocated  to  a  major  functional  block  of  the  system  as 
described  in  chapter  1.  Process  levels  1.0  and  2.0  will  not 
be  discussed  in  any  more  detail  as  references  abound  that 
address  the  basic  'control  problem'  (5,6,12,13,14). 


Detailed  Functional  Analysis 


Level  1.0  -  Establish  System  Performance  So o c ill g a lisa* 
(See  References  5,6,12,13,14) 

Level  2.0  -  Develop  Plant  Mathematical  Model 
(See  References  5,6,12,13,14) 

Level  3.0  -  Simulation  of  Plant  Model 


In  order  to  perform  a  hybrid  simulation,  the  plant 


techniques.  This  entails  implementing  the  differential 
equations  developed  in  process  2.0  on  an  analog  computer. 

While  DICES  does  not  directly  perform  the  simulation 
for  the  user,  it  does  provide  some  guidelines  and 

assistance . 

Level  3.0  consists  of  4  sub-processes  (See  figure  7). 
The  input  to  the  process  is  a  mathematical  model  that 
describes  the  dynamic  system  under  study.  These  equations 
describing  the  system  cam  be  of  arbitrary  complexity, 
however,  they  must  be  implementable  on  the  available  analog 
computer.  The  output  of  process  3.0  is  a  hardware 
simulation  on  an  analog  computer  that  attempts  to 
faithfully  mimic  the  plant.  The  nser  wishes,  of  course,  to 
alter  the  plant's  dynamic  response.  This  simulation  can  be 
linear  or  non-linear,  depending  on  the  desired  complexity 


and  design  techniques  used. 


This  process  stst  present  the  user  with  the  various 
options  available.  These  consist  of 

1.  Display  of  electrical  and  Mechanical  interfaces 
the  user  asst  connect. 

2.  Present  step-by-step  instructions  to  configure 
the  system. 

3.  Inform  user  as  to  further  reference 
document  at  ion . 


This  process  consists  of  stimulating  the  plant  model 
and  observing  the  open  and/or  closed-loop  response  of  the 
system.  This  response  can  then  be  compared  with  the  results 


obtained  from  a  CAD  package  to  determine  how  veil  the 


results  match  the  analytical  results.  The  adequacy  of  the 
plant  simulation  should  be  ascertained  before  continuing 
with  the  simulation,  as  the  entire  simulation  depends  upon 


an  accurate,  working  plant  model 


This  process  consists  of  connecting  the  digital 
controller  into  the  closed-loop  system.  This  will  place  the 
controller  into  either  the  forward  or  feedback  loop  of  the 


closed-loop  system.  The  analog  computer  must,  of  coarse, 
be  compatible  electrically  with  the  TMS32010  AIB  or  any 
other  A/D  and  D/A  converter  used.  The  analog  computer 
should  also  have  standard  interfaces  to  allow  easy,  fast 
connections  to  the  AIB. 


4.0  ~  Pftllgtt,  CgttttOlitX 

After  the  plant  has  been  modelled  to  the  user's 
satisfaction,  it  is  then  necessary  to  design  (See  figure  8) 
the  compensator,  controller,  or  digital  filter  (all  of 
which  are  used  interchangeably).  This  controller  is 
typically  referred  to  as  a  cascade  or  feedback  compensator 
or  controller.  The  purpose  of  this  controller  is  to  alter 
the  dynamic  response  of  the  plant.  This  controller  may 
range  from  a  simple  proportional  cascade  controller  to  a 
complex,  high-order  feedback  controller  (5,6,12,13,14). 


STD  DESIGN  TECHNIQUES 
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Figure  8.  Level  4.0  -  Design  Controller 


There  sre  many  CAD  packages  available  to  assist  the 
designer  in  this  phase  (15,16).  In  the  case  of  a  digital 
controller  design,  there  are  two  primary  methods,  the 
Digitization  (DIG)  and  the  Direct  (DIR)  method  (6:354-381). 

The  input  to  this  process  is  the  mathematical  plant 
model  developed  in  process  2.0.  This  model  is  the  basis  for 
all  the  design  steps  that  folios  in  this  process.  The 
output  of  this  process  is  a  discrete  controller  design  with 


quantized  filter  weights  (coefficients  of  a  polynomial  in 
Z)  that  meets  the  specifications  set  forth  in  process  1.0 
(in  a  theoretical  sense).  The  sample  period.  T.  is  also 
output.  These  filter  weights  and  value  of  T  are  stored  in  a 
data  file  in  factored  form  for  later  scaling,  ordering, 
and  pole-zero  pairing  (13). 


Level  4.1  -  Access  CAD  Package 

This  process  establishes  communication  for  user 
interface  with  a  CAD  package  that  allows  system  analysis 
and  design.  The  local  DICES  computer  should  appear 
transparent  while  in  this  mode  of  operation.  The  user 
follows  the  protocol  of  the  operating  system  under  which 
the  CAD  package  is  operating.  The  DICES  terminal  accepts 
and  should  display  all  CAD  package  input  and  output. 

Level  4.2  -  Standard  Desian  Techniques 

This  process  involves  using  any  of  the  standard  design 
techniques  available  to  design  the  controller.  The  details 
of  this  step  are  beyond  the  scope  of  this  thesis  effort. 
There  are  many  excellent  references  on  this  subject 
(5,6,13,14).  Figure  9  gives  an  idea  of  the  many  approaches 
that  can  be  taken  to  design  an  adequate  controller  (6:192- 
193)  . 

The  output  of  this  step  is  often  a  feedback  or  cascade 


controller  of  order  less  than  eight 


Figure  9*  Analysis  and  Design  Methods  (6:192-193) 


This  process  generally  involves  placing  the  controller 
in  a  closed-loop  cascade  or  feedback  configuration  and 
analyzing  the  system  performance  from  a  theoretical 
viewpoint.  This  may  involve  obtaining  frequency  response 
(magnitude  and  phase)  plots,  impulse,  and  step  response 
information  about  the  closed-loop  system. 


LftXfiJL  4.4  Save  Controller  Coefficients 
This  process  saves  the  coefficients  that  emerge  from 
the  previous  steps  into  a  file  that  can  be  accessed  at  a 
later  time.  The  files  should  contain  the  coefficients  of 
the  factored  form  of  the  controller  transfer  function. 


Level  5,0-  Implement  Controller 

Once  the  controller  is  designed  to  the  user's 
satisfaction  and  the  design  meets  the  system  specifications 
theoretically,  it  is  necessary  to  implement  the  design 
using  hardware  and  software  (See  figure  10).  The  input  to 
this  process  is  the  factored  form  of  the  controller,  G^^Z) 
and  the  sample  period,  T.  The  controller  is  in  general  of 
order  n,  and  the  numerator  is  of  equal  or  less  order.  The 
process  pairs  the  poles  and  zeros  for  implementation  as 
second-order  cascade  sections  and  also  computes  the  scale 


factors  needed  to  avoid  arithmetic  overflow.  The  modules 


Level  5.1  -  Retrieve  factors 


This  process  establishes  communication  with  the  device 
that  has  the  controller  coefficients  (bQ...  ba,  ai***an-i) 
stored  in  factored  form,  i.e.. 


Ghc(Z) 


b«(Z  +  bi)(Z  +  b Z  +  bm) 

1  2 _ !L_  (i) 

(Z  +  aQ)(Z  +  aj)...(Z  +  an_i) 


This  process  also  loads  the  coefficients  into  the  workspace 
of  the  local  DICES  controller. 

Level  5.2  -  Pick  Filter  Structure 

This  process  presents  the  standard  filter 
implementation  structures  to  the  user  who  then  selects  the 
structure  desired  (6:332-335,590,  13:355-379).  These 

standard  structures  are  commonly  referred  to  as  the  ID,  2D, 
3D,  4D,  IX,  and  2X  structures.  Each  structure  has  certain 
time  and/or  space  advantages.  The  direct  structures  (ID, 
2D,  3D,  and  4D)  have  the  difference  equation  coefficients 
explicitly  used  in  the  implementation  of  the  filter,  while 
the  IX  and  2X  structure  have  real  and  imaginary  components 
as  coefficients  in  the  structure.  The  IX  and  2X  structures 
are  referred  to  as  c r o s s - c o up  1  e d  structures  and  are  used 
to  realize  complex  poles. 
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Generally,  the  approach  taken  to  realize  a  high  order 
filter  is  to  cascade  second-order  sections,  each  of  which 
can  be  iapleaented  with  one  of  the  above  standard 
strictures  (direct  or  c r o s s - c o np 1 e d ) .  The  cascade  second- 
order  approach  is  used  to  rednce  coefficient  quantization 
sensitivity.  This  stews  from  the  fact  that  as  the  order  of 
a  polynomial  increases  (e.g.,  a  high-order  direct 
implementation),  the  roots  become  more  sensitive  to 
coefficient  perturbations.  In  a  digital  filter,  these 
perturbations  are  due  to  the  quantization  of  the 
coef f ic ients . 

The  3D  and  4D  structures  are  non- c anon i c a  1  because 
they  contain  more  than  the  minimum  number  of  time  delay 
elements  (n  in  this  case).  The  other  four  structures  are  of 
a  canonical  form  (6:332,  13:357). 

When  implementing  the  digital  filter  in  hardware, 
there  are  more  distinct  advantages  of  one  form  over 
another.  However,  when  using  software/hardware  to  implement 
the  filter,  the  advantages  of  one  structure  over  another 
become  less  discernible.  This  is  mainly  because  the  number 
of  summing  junctions  and  signal  distribution  points  are 
critical  in  a  hardware  implementation,  but  only  imply 
additional  software  operations. 


This  process  analyzes  the  zeros  and  poles  of  the 


compensator  and  selects  optimum  or  'near  optimum'  pairings 
of  two  zeros  and  two  poles  in  order  to  build  a  second-order 
section  (6:338, S90).  This  pairing  process  continues  until 
all  the  zeros  and  poles  have  been  paired.  If  the  order  of 
the  filter  is  odd  (i.e.,  n  is  odd),  then  one  second  order 
section  will  have  some  zero  coefficients  in  order  to 
realize  a  first-order  section. 

When  the  coefficients  are  quantized,  pole-zero 
migration  occurs  as  discussed  in  process  5.2.  This 
phenomena  is  somewhat  analogous  to  component  tolerances  in 
an  analog  filter  implementation.  Although  minimized  because 
of  the  second-order  nature  of  the  section,  some  movement 
still  occurs.  The  sensitivity  of  each  root  with  respect  to 
each  coefficient  can  be  determined  and  used  as  a  guideline 
to  assist  in  solving  problems  involving  truncating  versus 
rounding  of  certain  coefficients.  The  sensitivity  of  each 
root  (in  a  second-order  section)  is  inversely  proportional 
to  the  distance  the  roots  are  located  from  each  other  in 
the  Z-plane.  Therefore,  to  minimize  the  effects  of 
coefficient  quantization,  the  poles  and  zeros  are  combined 
using  an  'optimal'  pairing  algorithm  (6:338,590,  13:481). 


This  process  consists  of  quantizing  the  coefficients 
into  a  16-bit  word  and  re-analyzing  the  performance  of  the 
closed-loop  system. 

Because  of  the  finite  wordlength  available  to 
represent  an  infinite  number  of  possible  coefficients, 
there  are  errors  generated  when  this  qnantization  occurs. 
Obviously  the  larger  the  wordlength,  the  less  error 
generated  when  the  coefficients  are  quantized.  This 
quantization  causes  pole-zero  migration  in  the  Z-plane  (  6: 
336-339).  The  sensitivity  of  each  root  of  the  polynomial  in 
Z  can  be  calculated  with  respect  to  each  coefficient.  This 
gives  the  designer  added  information  with  which  to 
manipulate  the  most  influential  coefficients. 


Level  5.5  -  Re-Analvze  System  Performance 
After  the  coefficients  are  quantized  to  16  bits,  it  is 
necessary  to  re-analyze  the  closed-loop  response  of  the 
system  with  the  'new'  poles  and  zeros.  If  stability  and 
performance  are  is  still  acceptable,  the  user  can  proceed 
to  the  next  step  in  the  process.  If  not,  the  user  must  go 
back  to  process  5.4  and  use  a  different  method  of 
quantizing  the  coefficients,  e.g.,  truncating  instead  of 


rounding  the  most  influential  coefficients. 


This  process  determines  the  minimum  sample  rate  that 
should  be  used  to  obtain  acceptable  results  from  the 
digital  control  system.  The  user  should  have  the  option  to 
override  the  selection  made  by  DICES  if  desired. 
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The  objective  of  this  process  is  to  select  a  scale 
factor  for  each  independent  second-order  module  in  order  to 
prevent  arithmetic  overflov  from  occuring  vithin  the 
module.  It  also  orders  the  modules  to  minimize  the  effects 
of  quantization.  Scaling  attempts  to  allow  the  use  of  the 
full  dynamic  range  of  the  fixed-point  number 
representation.  This  helps  improve  the  s  igna 1- t o-no i s e 
ratio  by  keeping  the  signal  level  near  the  maximum  number 
representation  while  simultaneously  preventing  overflow. 
Overflow  is  a  very  serious  problem  and  should  be  avoided  at 
all  times!  The  effects  of  arithmetic  overflow  and  'wrap¬ 
around*  are  a  form  of  limit  cycles  called  'overflow 
oscillations'  (6:343-345.  13:462). 

This  process  orders  the  first  and  second-order 
sections  in  the  cascade  structure.  The  ordering  of  the 
modules  serves  to  reduce  the  output  noise  and  limit  cycle 
response.  There  have  been  many  ordering  algorithms  proposed 
in  the  literature  (24-27). 


.o « 
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This  process  takes  the  specifications  of  the  previons 
processes  and  translates  the  design  into  a  program  that 
when  assembled!  loaded.  and  executed  on  the  TMS32010 
microprocessor  will  implement  the  controller.  The  code  to 
be  generated  will  consist  of  a  generic  filter  program  which 
will  allow  implementation  of  first  and  second  order  filter 
sections.  This  step  will  fill  in  the  particular 
coefficients  and  scaling  factors  to  be  implemented  for  the 
particular  controller  under  development.  After  insertion  of 
the  above  parameters,  the  program  will  be  loaded  into  the 
VAX  11/780  for  assembly  using  the  TNS32010  Assembler,  and 
then  downloaded  to  the  TMS32010  microprocessor. 


Level  5.9  -  Load  TMS32010 

This  process  will  take  the  object  code  generated  from 
the  last  process  and  load  the  TMS32010  program  memory.  This 
load  will  take  place  under  control  of  the  user  and  can  be 


initiated  and  terminated  from  the  user  terminal 


piani.  me  input  to  t  h  1  s  process  is  the  completed 
controller  reedy  to  be  inserted  into  the  closed-loop 
system.  This  process  queries  the  aser  for  test  options  end 
test  peremeters.  It  then  commends  the  progremmeble  test 
in s t r nm e n t e t i o n  end  initietes  the  tests.  The  results  ere 


Figaro  11.  Level  6.0  -  Closed-Loop  Performance  Testing 
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This  process  queries  the  user  for  tests  to  be 


performed  on  the  closed-loop  system  end  also  obtains  the 
test  parameters  associated  with  the  tests  being  requested. 
The  user  has  the  choice  of  the  following  tests  to  be 
performed  on  the  closed-loop  system: 

o  Closed-loop  frequency  response  (magnitude) 

o  Closed-loop  frequency  response  (phase) 

o  Impulse  response 

o  Step  response 

Default  settings  for  the  various  test  equipment  are 
also  written  to  each  item  used  in  the  system.  These 
settings  are  stored  within  the  test  equipment  for  later 
use . 

tml  z-JUlHA  £&juujuL  ZiLiax 

This  process  assembles  the  proper  command  string  for 
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This  command  string  contains  all  the  information  required 
by  the  test  instrumentation  to  perform  the  required  tests. 
This  command  string  is  typically  an  American  Standard  Code 
for  Information  Interchange  (ASCII)  character  string  that 


This  process  transmits  the  command  string  to  the 
programmable  test  instrumentation.  This  process  will 
typically  invoke  a  device  interface  driver  which  handles 
the  detailed  handshaking  and  electrical  interface 
requirements  needed  to  communicate  over  a  bus  such  as  the 
IEEE-488  standard.  DICES  will  assemble  the  command  string 
required  to  be  sent  and  pass  it  to  a  machine  language 
subroutine  which  will  perform  the  h a r d w a r e / s o f t w a r e 
interface  function  with  the  IEEE-488  interface  module 
within  the  DICES  computer. 

Level  6.4  -  Initiate  Test 

This  process  commands  the  test  instrumentation  to 
begin  the  actual  programmed  test  sequence.  This  is  simply  a 
start  command  to  the  test  equipment. 

Level  6.5  -  Receive  Test  Results 

This  process  monitors  the  status  of  the  on-going  tests 
and  receives  the  test  results  upon  completion.  This  process 
then  displays  a  summary  of  the  test  results  to  the  user  on 
the  video  terminal  and  presents  options  for  a  more  detailed 


presentation  of  the  test  results. 


The  requirements  that  have  been  defined  in  the 
previous  sections  must  now  be  allocated  to  the  five  major 
functional  area  of  DICES.  Each  requirement  will  later  be 
allocated  within  these  areas  to  sub- f unc t iona 1  areas  to  be 
implemented  in  hardware  and/or  software. 


Level  1.0 -.Establish  System  Perform  Specifications 

All  of  level  1.0  is  allocated  to  the  User  Interface 
Module  . 

UiiLLg  p$v<U.9p  glint  JUiksjxLtjsxI 

All  of  level  2.0  is  allocated  to  the  User 
Interface  Module. 

L_evel  3.0  -  Simulation  of  Plant  Model 

The  following  table  indicates  the  allocations  within 
this  level.  Additional  allocations  follow  the  table  where  a 


requirement  may  be  allocated  to  different  modules: 


of 
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Table  1.  -  Level  3.0  Bequireaesti  Allocation 

Level  3.2  -  Patch  0a  Eauatioa* 

The  liter  Interface  Module  is  allocate  the  requirement 
sitting  the  user  in  planning  the  analog  simulation. 
The  Plant  Modelling  Module  is  allocated  the 
irement  of  providing  the  hardware  necessary  t 


implement  the  plant  model 


III.  Sys  tern  Des  ign 


Introduction 

This  chapter  describes  the  design  DICES  to  meet  the 
requirements  levied  upon  it  in  the  previous  chapter.  It 
describes  the  design  of  each  major  module  and  discusses  the 
overall  system. 

System  Design  Constraints 

There  are  several  design  constraints  imposed  on  the 
development  of  DICES.  These  are  mainly  constraints  on  the 
use  of  certain  hardware  items  that  are  available  in  the 
Information  Sciences  Laboratory.  These  constraints  are  not 
to  be  viewed  as  limitations  on  the  design  of  DICES,  for 
some  of  these  constraints  are  actually  the  best  choice  that 
could  have  been  made  even  if  this  were  a  completely 
unconstrained  project. 

EVM/AIB  Board 

The  first  of  the  system  level  design  constraints  is 
the  requirement  to  use  the  TMS32010  microcomputer  EVM  and 
AIB  modules  that  are  available  in  the  laboratory.  It  has 
been  shown  (13)  that  the  TMS32010  would  probably  be 
selected  over  most  of  the  other  available  DSP 
microcomputers  and  almost  certainly  over  the  general- 
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purpose  microcomputers  that  are  not  optimized  for  DSP 
algor ithms . 


Computer  System 

The  next  constraint  is  the  use  of  a  computer  system 
for  executing  the  DICES  program  and  controlling  the  system 
analyzer.  The  options  were  a  Plessey  LSI-11,  VAX  11/730, 
and  a  VAX  11/780.  A  trade-off  analysis  was  performed  to 
determine  the  appropriate  computer  system  or  mix  of 
computer  systems  to  use  for  DICES, 

A  summary  of  the  trade-off  matrix  is  shown  on  the  next 
page.  The  ratings  in  each  category  are  Excellent  (E),  Good 
(G),  Poor  (P),  and  Very  Poor  (VP).  Some  of  the  categories 
do  not  lend  themselves  to  a  clear-cut  determination  of  the 
rating  or  comparison,  however,  it  is  felt  that  the  matrix 
represents  a  fair  comparison  of  the  three  systems  to 
accomplish  DICES'  objectives. 


E 


E 


IEEE-488  S/ff 


Future  S/W  Expansion 

Operating  System 

I/F  with  existing 
Controls  S/W 

Support  S/W  Avail 

S/W  Maint.  Contract 


Speed 

IEEE-488  H/W 
Future  H/W  Expansion 


MODEM 


Mobility 

H/W  Maint.  Contract 


Notes: 


-  FORTRAN  IV.  No  character  or  bit  manipulations 
C  Language  available 

-  Hewlett-Packard  Basic  available 

-  Compile/link  time  very  slow 

-  Presently  no  room  for  additional  H/W 


Table  5.  Trade-off  Results 


Without  assigning  numerical  values  to  the  rating 
system,  it  is  obvious  that  the  VAX  11/780  should  be  used 
to  implement  as  much  of  DICES  as  possible.  An  effort  should 
be  made  to  use  only  the  VAX  11/780  if  possible.  DICES  can 
be  transferred  to  the  VAX  11/730  at  a  later  date  if 
desired.  The  LSI-11  should  not  be  considered  as  the 
computer  system  for  DICES. 


System  Component  Description. 

TMS32010  EVM/AIB 

The  TMS32010  is  a  D i g i t a  1- S i g n a  1- P r o c e s s  ing  (DSP) 
microprocessor  introduced  by  Texas  Instruments,  Inc.  in 
1983.  Its  architecture,  speed,  and  instruction  set  are 
designed  for  efficient  execution  of  digital  signal 
processing  algorithms.  The  table  below  summarizes  its  main 
features  and  performance  characteristics  (2,3). 

Configuration:  Microprocessor  version  -  TMS32010. 

C 1  o c k/ In s t r uc t  i  on  20  Mhz  clock/200  nsec  instruction 

Cycle:  cycle.  On-chip  oscillator. 

Memory:  144  Words  of  on-chip  data  RAM. 

4096  words  of  external  program  ROM. 

Double-Precision  32-bit  ALD  and  Accum. 
200  nsec  multiplier. 

Overflow  mode  that  saturates  the 
accumulator  on  arithmetic  overflow. 


Computat ional 
Sect  ions : 


Program  Control 
Section: 


16-bit  bns  for  off-chip  instructions. 
4x12  stack  for  context  switching. 
Antoincrement/decrement  registers. 
Polling  pin  for  hardware  interfacing. 
Vectored  interrupt. 

The  TMS32010  use  a  modified  Harvard  architecture,  (see 
figure  12),  which  permits  the  transfer  of  information 
between  program  and  data  memories.  A  strict  Harvard 
architecture  provides  separate  program  and  data  memories 
with  no  cross  transfer  of  data.  This  modified  structure 
allows  the  designer  the  flexibility,  for  example,  to  reload 
the  filter  coefficients  and  the  initial  conditions  of  his 
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control  algorithm 


An  outstanding  feature  is  an  on-board  16x16 


multiplier,  which  produces  a  32-bit  product  in  one 
instruction  cycle,  i.e.,  200  nsec.  The  TNS32010  also 
contains  a  barrel  shifter  that  left  shifts  data  0  to  15 
places  before  the  data  is  transferred  into  the  accumulator 
and  a  second  shifter  that  shifts  the  upper  half  of  the  32- 
bit  accumulator  0,  1,  or  4  places  before  it  is  stored  in 
data  RAN.  This  allows  for  the  extraneous  bits  that  are 
generated  when  using  certain  number  representations  within 
the  TNS32010.  The  I/O  structure  consists  of  eight  16-bit 
input  and  eight  16-bit  output  ports. 

The  TMS32010  instruction  set  includes  a  set  of  special 
instructions  necessary  for  fast  implementation  of  sum-of- 
products  computations  encountered  in  digital 
f i 1 t e r i n g / c o m p e n s a t  i  o n  calculations.  Most  of  the 
instructions  critical  to  DSP  execute  in  200  nanoseconds.  A 
typical  multiplication  of  a  delayed  value  by  a  coefficient 
stored  in  memory,  and  then  a  shift  of  the  delayed  data  in 
memory  executes  in  400  nsec.  The  results  of  the  previous 
operation  is  also  accumulated  in  the  accumulator  during  the 
same  400  nsecs.  The  TMS32010  has  three  addressing  modes: 
direct,  indirect,  and  immediate  addressing. 

System  Development  Tools 

There  are  several  system  development  tools  that  were 
used  to  support  the  development  of  the  TMS32010  code  used 
in  this  project.  These  tools  are  now  described. 


1.  The  TMS32010  Evaluation  Module  (EVM)  is  a  development 
system  for  performance  evaluation  and  design  development. 
The  EVM  supports  this  design  project  very  well  because  of 
its  ease  of  use  due  to  its  on-board  software  development 
tools.  The  firmware  package  includes  a  debug  monitor, 
editor,  assembler,  reverse  assembler,  EPROM  programmer, 
communication  software,  and  audio  cassette  interface. 
Some  of  these  features  were  not  used  because  of  the 
extensive  development  software  available  on  the  Information 
Sciences  Laboratory  (ISL)  Vax  11/780. 

2.  The  TMS320  Analog  Interface  Board  (AIB)  is  12-bit 
analog-to-digital,  d  ig ital-to-analog  conversion  board.  The 
AIB  contains  anti-aliasing  and  smoothing  filters  (30:3-8). 
The  basic  sampling  rate  is  programmable  from  25 
microseconds  to  52.42  milliseconds.  This  range  is  later 
modified  via  software. 

3.  The  TMS32010  Macro  Assembler  is  a  two-pass  assembler 
which  executes  on  the  ISL  Vax  11/780  and  supports  macro 
definitions  and  calls  as  well  as  conditional  assembly.  The 
assembler  provides  a  comprehensive  set  of  error  diagnostics 
and  symbol  and  cross-reference  tables  in  the  listing. 

4.  The  TMS32010  Simulator  is  a  program  that  simulates  the 
TMS32010  on  the  ISL  Vax  11/780  to  allow  the  verification  of 
assembly  language  programs. 


There  ere  other  development  tools  which  are  available 
to  support  the  TMS32010.  Only  the  specific  tools  nsed  in 


this  thesis  are  mentioned  above. 


VAX  11/780 

The  configuration  of  the  AFIT  Information  Sciences 
Laboratory  VAX  11/780  at  the  time  of  this  investigation  is 
as  follows: 


Digital  Equipment  Corporation  (DEC)  VAX  11/780 
processor  with: 

Virtual  Memory  Operating  System  -  VMS  Version  4.2 

500K  words  of  Physical  Memory 

Unibus 

3  -  DEC  RA81  Disk  Units 
2  -  DEC  RK07  Disk  Units 
1  -  DEC  TU80  Magnetic  Tape  Unit 

6  -  DEC  VT-240  terminals 

7  -  DEC  VT- 100  terminals 

1  -  Tektronix  4014  Graphics  Terminal 
1  -  DEC  LA-120  Operator  Console 
1  -  Printronix  high-speed  line  printer 
1  -  DEC  Laser  printer 
1  -  Hayes  Smart-Modem 


A  National  Instruments  GPIB11-2  IEEE-488  Interface  Card 
was  also  installed  within  the  VAX  11/780  to  permit  remote 
programming  of  IEEE-488  compatible  equipment. 


B/E  Model  2032  System  Analyzer 
The  B/K  2032  is  a  dual-channel  FFT  system  analyzer  which 
can  be  used  to  analyze  the  performance  of  a  dynamic  system. 
It  is  fully  programmable  via  a  IEEE-488  interface  and  can 
also  be  completely  controlled  by  its  front  panel. 


The  analyzer  can  determine  the  magnitude,  phase,  and 
impulse  response  of  a  system  under  test,  to  name  just  a  few 
of  its  many  capabilities.  The  frequency  range  is  0  to 
25.6  Khz  with  15  selectable  frequency  spans  from  1.56  Hz  to 
25.6  Khz. 


Other  functions  available  include: 

Instantaneous  Time  Function 
Probability  Density 
Instantaneous  Spectrum 
Frequency  Response 
Signal-to-No ise  Ratio 
Auto  Correlation 
Impulse  Response 


EAI  Analog _ Computer 

The  EAI  TR-48  Analog  Computer  is  a  general  purpose 
analog  computer  containing  integrators,  amplifiers,  and 
potentiometers  which  can  be  used  to  model  differential 
equations  that  represent  physical  dynamic  systems  (28).  The 
linear  amplifier  voltage  range  is  +  10  volts. 


Desien  Overview 

The  requirements  that  have  been  allocated  to  the  five 


major  functional  areas  must  now  be  satisfied  by  a  module 
within  the  appropriate  area.  Each  requirement  must  be  met 
by  designing  a  hardware  and/or  software  sub-system  that. 


when  implemented,  will  meet  the  requirements  levied  upon 


it.  Each  major  functional  area  will  now  be  designed  to  meet 
each  of  those  requirements. 

The  following  tables  show  the  grouping  of  each 
requirement  with  the  five  major  modules.  These  are  followed 
by  the  detailed  design  for  each  module. 


Pser  Interface 

The  User  Interface  Module  (PIM)  is  the  module  which 
interfaces  with  the  user  and  permits  access  to  the 
functions  that  DICES  has  available. 

The  requirements  are  collected  from  the  various  levels 


and  presented  below. 


Function 

1.0 

Determine  system  performance  specs 

2.0 

Develop  plant  model 

3.1 

Display  options 

3.3 

Test  s imul at  ion 

3.4 

Connect  system 

4.2 

Design  controller 

4.3 

Analyze  performance 

4.4 

Store  coefficients 

5.1 

Retrieve  coefficients 

5.5 

Re-analyze  performance 

6.1 

Determine  test  requirements 

6.5 

Collect  test  results 

Table  6.  UIM  Requirements 

Filter  implement *U9» 

The  Filter  Implementation  Module  (FIM)  provides  the 
resources  needed  to  implement  the  controller  design  in 
TMS32010  code. 

The  requirements  are  collected  from  the  various  levels 


and  presented  below. 
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5.2 

Select  filter  structure 

5.3 

Pole/zero  pairing 

5.4 

Quantize  Coefficients 

5.6 

Scaling  and  Ordering 

5.7 

Sample  Period  Selection 

5.8 

Generate  TMS32010  code 

Table  7#  FIN  Requirements 


P.l.ftBt  Mpflg  1  1  jng 

The  Plant  Modelling  Module  (PMM)  involves  wiring  the 
analog  computer  system  to  produce  the  model  of  the  plant 
and  then  actually  connecting  the  plant  simulation  into  the 
closed-loop  control  system. 

The  requirements  are  collected  from  the  various  levels 
and  presented  below. 

Lcyp* 

3.2 

3.4 

Table  8.  PMM  Requirements 


Function 

’Patch-up'  eqns  on  analog  computer 
Connect  system  together 


The  System  Conf ignr at  ion  Module  (SCM)  assists  the  user 
in  configuring  the  various  system  components.  This  module 
initializes  equipment  that  requires  start-up  commands  and 
also  loads  the  TMS32010  code  into  the  EVM  for  execution. 

The  requirements  are  collected  from  the  various  levels 
and  presented  below. 


Level 

Function 

4.1 

Access  CAD  package 

(ICECAP) 

5.9 

Load  TMS32010  code 

6.1 

Default  Parameters 
Equ ipment 

to  Test 

Table  9.  SCM  Requirements 


Psyforffianc*  EYalaaiipn 

The  Performance  Evaluation  Module  (PEM)  determines  the 
user's  test  requirements  and  generates  the  appropriate 
commands  necessary  to  program  the  remote  test  equipment. 

The  requirements  are  collected  from  the  various  levels 


and  presented  below. 


This  requirement 


shall  be  met  by  presenting  a  display  which  directs  the  user 
to  develop  a  mathematical  model  for  the  plant  under  study. 
This  function  is  also  done  entirely  by  the  user. 

This  process  is  also  rather  obvious  but,  like  level 
1.0,  is  included  for  completeness. 

After  execution  of  this  process,  the  system  shall 
return  to  the  main  opening  menu. 


This  module  shall 


display  the  options  available  to  assist  the  user  in 


interfacing  the  analog  computer,  digital  controller,  system 
analyzer,  and  other  components  of  DICES. 

The  options  shall  be: 


1)  Step-by-step  checklist 

2)  Further  reference  documentation 


Option  1  shall  present  a  step-by-step  checklist  to 
assist  the  user  in  connecting  the  system. 

Option  2  shall  present  other  documentation  that  the 
user  can  refer  to  in  order  to  obtain  more  detailed 
information  about  some  aspect  of  the  interface  phase  of 
using  DICES. 


This  module  shall 


display  instructions  that  advise  the  user  to  thoroughly 


test  the  plant  simulation  that  is  implemented  on  the  analog 
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computer.  This  testing  can  be  performed  by  stimulating  the 
open  or  closed-loop  response  of  the  system  and  comparing  it 


to  that  obtained  by  digital  simulation  (e.g..  ICECAP, 
TOTAL) . 

Level  3.4  Connect  Controller.  This  module  is  the 
actual  connection  of  the  system  components  and  is 
perforated  in  accordance  with  level  3.1. 

Level  4.2  ~  Standard  Design  Techniques.  This  module 
contains  no  code.  It  is  accomplished  during  Level  4.1  and 
is  included  here  only  for  completeness. 

Level  4.3  -  Analyze  Performance.  This  module  contains 
no  code.  It  is  accomplished  during  Level  4.1  and  is 
included  here  only  for  completeness. 

Level  4.4  -  Store  Co e f f i c  i  ea t s .  This  module  stores 
the  design  parameters  for  the  digital  controller  to  be 
imp  1 emen  t  ed . 

The  final  controller  design  must  be  placed  in  the 
ICECAP  variable  HTF  (29).  When  the  design  process  is 
womplete,  the  user  leaves  ICECAP  with  the  'STOP'  command 
(29).  This  saves  all  of  the  design  session's  variables  and 
parameters  (including  the  controller  design  in  HTF)  in  a 
data  file  called  MEM0R7.DAT  within  the  VMS  file  system. 
This  file  will  later  be  read  by  a  DICES  module  in  order  to 


determine  the  order  of  the  controller  and  the  poles  and 
zeros.  This  data  will  be  nsed  by  DICES  to  perform  the 
remainder  of  the  implementation  of  the  digital  controller. 

Following  this  storage  operation.  ICECAP  will  retnrn 
the  nser  to  the  DICES  main  menu,  with  no  required  user 
input.  From  here  the  nser  may  select  a  DICES  option  to 
continue  on  to  the  implementation  step. 


Level  5.1  -  Retrieve  Factors.  This  modnle  retrieves 
the  controller  design  parameters  that  have  been  stored  in 
the  data  file  MEMORY.DAT.  The  coefficients  actually 
obtained  are  the  poles,  zeros,  and  a  constant  term  which  is 
the  quotient  of  the  numerator  and  denominator  constants 
which  have  been  factored  out  of  each  expression.  The  pole- 
zero  data  are  read  into  a  complex  array  and  the  constant 
term  into  a  real  variable.  These  data  are  then  available  to 
the  DICES  program  for  further  manipulation. 

ICECAP  writes  all  variables  into  the  sequential  data 
file  MEMORY.DAT.  Dp  to  this  point  in  DICES,  no  information 
is  available  internally  to  DICES  about  the  nature  of  the 
controller  design.  Therefore,  since  the  order  of  the 
controller  numerator  and  denominator,  as  well  as  the  poles, 
zeros  and  constant  term  are  embedded  within  this  file,  it 
must  be  read  sequentially  in  order  to  extract  them.  To 
properly  read  the  poles  and  zeros  from  MEMORY.DAT,  the 


order  of  the  numerator  and  denominator  must  be  known 


apriori.  Dn f o r t un a t e 1 y .  ICECAP  writes  the  order  of  the 
numerator  and  denominator  after  the  poles  and  zeros,  so  the 
file  must  be  read  once  through  (past  the  unknown  number  of 
poles  and  zeros)  to  obtain  the  order.  Then  the  file  is 
REWOUND  and  read  again  to  read  in  the  proper  number  of 
poles  and  zeros. 

MEMORY. PAT  File  Or a  an  1 z a t i on.  The  MEMORY.DAT  file 
organization  was  investigated  to  determine  the  position  of 
the  required  data  items  within  the  file.  Since  no  explicit 
information  existed  to  obtain  the  sequence  of  writes  to  the 
file  (except  possibly  searching  through  many  subroutines 
and  trying  to  figure  it  out),  it  was  decided  to  enter  test 
cases  into  ICECAP  and  examine  the  MEMORY.DAT  after  each 
case  until  the  position  and  format  of  the  poles,  zeros, 
polynomial  coefficients,  and  constant  term  were  determined. 
The  following  was  the  outcome  of  this  exercise: 

MEMORY.DAT  consists  of  721  lines  of  data,  most  of 
which  contain  five  data  items.  Several  other  lines  contain 
two,  four,  or  six  data  items.  The  following  lines  all 
contain  five  data  items  per  line  unless  otherwise  noted. 
Sequencing  through  the  data  file,  the  first  data  of 
interest  is  a  block  starting  at  line  330  which  contains  the 
polynomial  coefficients  of  the  numerator  of  HTF.  The 
position  of  a  data  item  will  be  represented  as  [line 
#(data  item  #)].  If  all  the  data  items  in  a  line  are 
referenced,  an  'x'  will  be  used  within  the  parentheses. 


Example 

The  position  of  the  last  coefficient  for  the 
numerator  polynomial  of  HTF  is  written  as  [340(1)1.  The 
entire  line  is  written  as  [340(x)]. 

ICECAP  allows  HTF  to  be  of  order  50,  so  there  are  51 
coefficients  in  this  block  (many  of  which  are  nsnally 
zero).  The  block  consists  of  lines  [330(x)l  to  [340(1)]. 

The  next  block  is  from  [340(2)]  to  [350(2)].  This 
block  consists  of  the  denominator  polynomial  of  HTF  which 
is  also  of  maximum  order  50. 

The  next  block  from  [350(3)]  to  [360(2)]  contains  50 
data  items  and  consists  of  the  real  part  of  the  zeros  of 
HTF. 

The  next  block  from  [360(3)]  to  [370(2)]  contains  50 
data  items  and  consists  of  the  imaginary  part  of  the  zeros 
of  HTF. 

The  next  block  from  [370(3)]  to  [380(2)1  contains  50 
data  items  and  consists  of  the  real  part  of  the  poles  of 
HTF. 

The  next  block  from  [380(3)]  to  [390(2)]  contains  50 
data  items  and  consists  of  the  imaginary  part  of  the  poles 
of  HTF. 

Data  item  [390(3)]  contains  the  order  of  the  numerator 
of  HTF. 

Data  item  [390(4)]  contains  the  order  of  the 


denominator  of  HTF 


Data  item  [390(5)1  contains  the  constant  term  E  that 
is  factored  out  of  the  numerator  and  denominator  in  order 
to  pat  the  controller  transfer  function  in  the  form 

K(Z  +  zj)....(Z  +  zj,)....(Z  +  zm) 

Gic  =  - - -  (2) 

(Z  +  pj)....(Z  +  p£>....(Z  +  pn) 

where  E  is  the  loop  sensitivity,  Zj  is  a  real  or  complex 
zero,  and  pj  is  a  real  or  complex  pole  (5:220). 

HE  is  not  updated  daring  changes  after  using  the 
RECOVER  option,  so  HE  =  HNE/HDE  is  used  (line  391). 

Data  item  [615(4)1  contains  the  sample  period  used  to 
perform  the  S-plane  to  Z-plane  transformations. 

The  following  table  summarizes  the  positions  of  the 
required  data: 
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[330] 


am-4 


This  module  retrieves  the 


stored  quantized  coefficients  and  places  them  into  ICECAP’s 
data  file  called  MEMORY.DAT.  When  ICECAP  is  re-entered  and 
the  ’RECOVER’  option  is  selected  (29),  the  factors  used 
for  the  ICECAP  session  are  the  quantized  values.  This 
allows  the  user  to  ascertain  the  effects  of  quantization  on 
the  performance  of  the  controller. 

The  current  version  of  ICECAP  does  not  re-factor  the 
polynomial  coefficients  when  a  RECOVER  is  performed.  Since 
DICES  stores  the  coefficients  of  first  and  second-order 
sections,  they  must  be  multiplied  out  to  obtain  the  new 
full  order  numerator  and  denominator  polynomials.  This  new 
polynomial  must  also  be  factored  by  DICES  and  the  roots 
stored  in  the  appropriate  MEMORY.DAT  locations  as  well. 

DICES  has  the  numerator  and  denominator  first  and 
second-order  polynomials  stored.  These  can  be  factored 
easily  using  the  familiar  quadratic  equation  formula  and 
stored  as  mentioned  above. 

Level  6.1  Test  Requirements.  This  module  must  present 
to  the  user  the  various  options  available  for  testing  the 
closed-loop  performance  of  the  control  system. 

The  first  menu  presented  requests  the  type  of  test  to 
be  performed  on  the  system.  Once  the  test  is  selected,  the 
program  asks  for  any  relevant  data.  The  tests  currently 
available  are  the  step  response  and  closed-loop  frequency 
response  (magnitude  and  phase).  Additional  tests  can  be 


added  at  a  later  date. 


User-supplied  data  for  the  step  response  test  consist 
of 

1)  Amplitude  of  step  (volts) 

2)  Approximate  settling  time  of  system 

Us e r- s upp 1 i e d  data  for  the  frequency  response  test 
consist  of 

1)  Approximate  closed-loop  bandwidth 

Step  Response.  This  test  will  measure  the  step 
response  of  the  closed-loop  system.  A  display  is  presentei 
to  allow  the  input  of  values  associated  with  the  step  input 
that  will  be  input  to  the  SUT.  These  values  are  used  to 
program  the  signal  generator  and  oscilloscope  function  of 
the  B/K  2032  via  the  IEEE-488  interface. 

Frequency  Response  (Magnitude).  This  test  will 
measure  the  magnitude  versus  frequency  response  of  the 
closed-loop  system.  The  user  inputs  the  approximate 
bandwidth  of  the  system  to  allow  proper  configuration  of 
the  B/K  System  Analyzer  via  the  IEEE-488  interface  bus.  The 
entire  frequency  response  test  is  performed  by  the  B/K 
2032.  The  approximate  bandwidth  of  the  closed-loop  system 
is  used  to  determine  the  frequency  span  on  the  B/K  2032. 
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tLSg.flflcncv  Response  (Phase).  This  test  will 
measure  the  phase  response  versus  frequency  of  the  closed- 
loop  system.  The  approximate  bandwidth  of  the  closed-loop 


system  is  used  to  configure  the  B/E  System  Analyzer. 

Level  6.5  Collect  Test  Results.  This  module  will 
collect  the  results  from  the  various  tests  performed  by  the 
system  and  display  the  results  as  printed  copies,  graphics 
displays  or  text  displayed  on  the  computer  terminal. 

The  frequency  response  tests  will  use  the  B/E  2032 
System  Analyzer  to  perform  the  tests.  This  instrument  has 
the  capability  of  generating  white-noise  which  is  used  to 
obtain  frequency  and  phase  data  from  the  SOT.  The  display 
of  the  magnitude  and  phase  response  of  the  Sy s t em-Und e r- 
Test  (SUT)  will  be  displayed  on  the  graphics  display  of  the 
B/E  2032. 

The  step  response  of  the  SUT  will  be  displayed  on  the 
B/E  2032  with  rise-time  and  settling  time  measurements  made 
using  the  delta-time  capabilities  of  the  B/E  2032. 

The  impulse  response  of  the  SUT  will  be  measured  and 
displayed  by  the  B/E  2032  System  Analyzer.  This  instrument 
has  a  narrow-width  pulse  generator  which  is  used  to 
approximate  an  impulse  into  the  SUT  and  then  display  the 
response  of  the  SUT. 
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Defiled  Filter  Implementation  Module  Desian 

Level  5.2  -  Pick  Filter  Stroctare.  This  module 
selects  the  filter  structure  to  be  used  to  implement  the 
digital  compensator  (4.6,8). 

There  are  many  basic  structures  that  can  be  used  to 
implement  a  digital  filter.  There  are  ID.  2D,  3D,  4D,  IX, 
2X  structures,  ladder  and  continued  fraction  structures. 
The  ID,  2D,  3D,  and  4D  are  known  as  'Direct'  structures 

because  the  coefficients  show  up  ezplicity  in  the 
implementation  of  the  filter.  The  IX  and  2X  are  referred  to 
as  c r o s s~ c oup 1 e d  structures  and  can  be  used  to  realize 
complex  pairs  of  poles  and  zeros. 

The  user  should  be  presented  with  the  options 
available  and  select  the  one  desired.  If  the  user  is  not 
familiar  with  the  various  structures,  one  shall  be  selected 
as  the  default  structure  type. 

Default  Structure.  The  controller  is  to  be  implemented 
as  a  cascade  of  first  and  second  order  sections,  therefore 
each  section  must  be  realized  by  one  of  the  above 
structures.  The  ID,  2D,  IX,  2X,  ladder,  and  continued 
fraction  structures  are  canonical  structures  because  they 
contain  the  minimum  number  of  delay  elements,  while  the  3D 
and  4D  structures  are  non-canonical  (13:357). 

Each  of  the  structures  have  some  time  and/or  space 
advantage  over  the  others.  For  example,  the  canonical  forms 
use  the  minimum  number  of  delay  elements  possible,  while 
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the  non- c anon i c a  1  structures  use  more  than  the  minimum 
number . 

In  applications  such  as  dedicated  Ve r y— La r g e- Sc  a  1  e  — 
Integration  (VLSI)  DSP  integrated  circuits,  the  number  of 
data  lines,  delay  elements,  summing  junctions,  multipliers, 
length  of  connections  are  very  important.  These  all 
translate  into  'real  estate*  that  must  be  used  to  implement 
the  additional  devices.  It  may  be  desirable  to  use  a 
canonical  form  when  faced  with  the  above  situation. 

When  implementing  a  digital  filter  using  a  general- 
purpose  microprocessor  or  DSP  processor,  many  of  these 
important  factors  mentioned  above  become  much  less 
important.  For  example,  in  a  microprocessor,  the  number  of 
summing  junctions  is  not  critical  because  the 
microprocessor  need  only  add  more  numbers  to  a  register  or 
storage  location.  Of  course,  this  may  add  time,  so  that  a 
trade-off  analysis  may  be  necessary. 

Selection  of  Default  Structure.  The  most 
straightforward  structure  to  implement  is  the  3D  structure, 
since  it  is  a  direct  implementation  of  the  difference 


equation . 


As  can  be  seen,  this  equation  for  Y  (  k )  is 
straightforward  to  implement.  Because  the  3D  structure  is 
not  canonical,  there  are  extra  delay  elements.  This  poses 
no  problem  because  of  the  TMS32010's  extremely  high  speed 
(most  instructions  execute  in  200  nanoseconds)  and  over  4 
kilowords  of  program  memory  (3). 

A  typical  second-order  section  with  16  bit 
coefficients  may  take  12  to  14  instructions  to  compute  that 
section's  output,  Y(k).  This  is  approximately  2.4  -  2.8 
microseconds  per  section  (exclusive  of  non-recurring 
initialization  routines). 

For  most  physical  systems  that  DICES  will  be  used  for, 
the  fastest  time  constants  of  the  system  are  probably  on 
the  order  of  lO-^  seconds.  Assuming  a  delay  of  l/20th  the 
fastest  time  constant  is  acceptable  (5  %) ,  this  yields 

tc  =  500  (isecs  (5) 

where  tc  is  the  computational  delay  of  the  filter. 

The  number  of  sections  that  can  be  cascaded  before  the 
delay  is  excessive  is 

500  )isecs 

1  =  -  (6) 

2.5  (isecs/  sect  ion 

1=200  sections  (7) 

It  can  be  seen  that  there  are  no  real  detrimental  effects 


due  to  the  3D  structure 


The  3D  structure  will  be  selected  as  the  default 
structure  because  of  its  ease  of  implementation,  straight¬ 
forward  debugging,  and  speed.  This  is  certainly  not  the 
optimal  choice,  but  it  will  provide  a  basic  structure  which 
will  allow  DICES  to  'get  off  the  ground*.  Additional  filter 
structures  may  be  added  later  if  desired. 

Maximum  Filter  Order.  An  effort  was  made  to  keep  the 
design  free  of  anything  that  would  prevent  arbitrary  order 
controllers.  A  choice  was  needed,  however,  in  order  to 
establish  a  baseline  system  from  which  to  deviate  from. 

It  has  been  proposed  (13)  that  for  a  16-bit  filter 
implementation,  coefficient  quantization  does  not  cause 
significant  problems  if  the  order  of  the  filter  is  less 
than  10.  In  an  effort  to  establish  a  baseline,  a  maximum 
order  of  eight  was  chosen  for  the  basic  DICES.  There  are  no 
known  fundamental  limitations  to  this  limit  within  DICES, 
other  than  speed  and  memory  size.  This  limitation  can  be 
changed  if  and  when  desired. 


Level  S.3  -  Pole/Zero  Pairina.  When  implementing  a 
filter  with  first  and  second-order  sections,  an  obvious 
question  arises  -  how  to  select  the  poles  and  zeros  that  go 
into  each  section? 


An  optimal  pairing  could  be  performed  by  minimizing  • 
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very  lengthy  contour  integral  proposed  by  Phillips  and 
Nagle  (13:481).  This  approach  consists  of  [n/2]l^  (note  1) 
evaluations  of  the  integral.  For  the  case  of  n  ■  8,  this 
yields  576  evaluations  that  asst  be  performed!  It  has  been 
suggested  (13:481)  that  a  simplified  algorithm  which 
utilizes  graphical  techniquea  gives  similar  results  to  the 
'optimal'  solution.  This  algorithm  will  be  used  here  with 
slight  modifications  to  enable  implementation  within  a 
computer  program,  but  the  basic  algorithm  remains 
unchanged . 

If  future  work  on  DICES  ia  undertaken,  this  pole/zero 
pairing  algorithm  may  be  modified,  but  it  is  doubtful  that 
much  will  be  gained  by  implementing  the  'optimal'  solution. 

The  algorithm  to  be  used  is  as  follows: 


1.  Form  Array.  Poles  and  zeros  are  formed  into  arrays 
for  easy  access. 

2.  Pair  Real  Poles.  Find  real  pole  nearest  Z  *  +1 
point.  Pair  it  with  the  real  pole  farthest  from  the 
Z«  +1  point.  Continue  until  all  the  real  poles  have 
been  paired.  All  complex  poles  remain  together. 

3.  Pair  Poles  and  Zeros.  Find  pole  nearest  Z  =>  +1. 
Match  it  with  zero  nearest  its  location.  If  the  zero 
is  real,  match  the  other  pole  of  the  pole-pair  in  the 
same  manner.  If  zero  is  complex,  use  conjugate.  Repeat 
step  3  until  all  poles  and  zeros  have  been  matched. 
Use  a  '!'  in  numerator  when  zeros  exhausted. 


note  1 : 


[n/2]  -  smallest  integer  greater  than  n/2. 


Applying  the  algorithm  to  this  filter  yields  the 


pairing  as  shown. 

Filter  Section  1 

(Z  -  . 9156  ±j .4021) 

(Z  -  .8818  +j .3548) 

Filter  Section  2  : 

(Z  +  . 61 12  )  Z 
(Z  -  .2124) (Z  -  .3412) 


(») 


(10) 


These  results  are  the  aaae  as  that  produced  by  Jackson 
(24)  using  a  different  'near  optimal'  algorithm. 

The  algorithm  is  now  discussed  in  more  detail  using 
flowcharts  to  show  the  major  functions  required  to  perform 


the  pairing  process 


Fro*  the  flowchart,  it  can  ba  teen  i 
function*  to  be  performed  are: 

1.  Determine  number  of  zeros  and  poles 

2.  Pair  closest  and  farthest  poles 

3.  Order  all  poles  by  distance  to  Z  - 


Pairing  Algorithm 


4.  Pair  zeros  with  poles 

a.  Determine  if  there  are  any  complex  zeros 

b.  Find  closest  pair  of  complex  zeros  to  poles 

c.  Find  number  of  nnnsed  real  zeros 

d.  Find  closest  2  real  poles  to  complex  zeros 

e.  Find  closest  real  zero  to  pole 

These  major  functions  will  be  implemented  as 
subroutines  that  will  be  called  from  major  modules  to 
perform  the  pole-zero  pairing. 

Level  5.4  -  Quantize  Coefficients.  This  module 
quantizes  the  digital  controller  coefficients  which  were 
determined  by  the  design  process  using  ICECAP. 

From  other  previous  processes,  the  controller  has  been 
partitioned  into  first  and  second-order  sections.  Each  of 
these  sections  will  be  implemented  as  a  filter  using  the 
structure  determined  elsewhere  (ID,  2D,  etc.).  The  roots 


of  the  sections  are  contained  within  a  complex  array  called 
CORDPZ.  The  format  of  the  array  is  as  follows: 
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specifications  or  even  be  stable.  This  effect  is  the 
primary  reason  for  implementing  high-order  02)  controllers 
as  cascade  sections  of  first  and  second  order. 

Quantizing  the  coefficients  of  a  digital  filters 
effectively  restricts  the  poles  and  zeros  of  the  filter  to 
lie  on  a  finite  number  of  discrete  points  in  the  Z-plane 
(14:441).  For  example,  consider  the  following  second-order 
filter: 


b0  +  b,  Z-1  ♦  b2Z-2 

G(Z)  -  -  (11) 

1  -  ajZ-1  -  a2Z-2 

In  general,  the  roots  of  a  second-order  denominator 
polynomial  are  given  as 

Pi  *  (o i  +  j«) 

p2  =  (®2  “  Jw) 

which  can  be  rewritten  in  polar  fora  as 


Pi  “  r2e ^  v 

(14) 

»j  y 

P2  “  *2#J 

(13) 

where  rj  ■  lei*  +  <i>*]2^2 
r2  -  I a2 *  +  »*J1/2 

v  =  Tan-1!**/®]  oj  -  o2  if  complex  roots 
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The  equation  can  be  written  as  (assuae  b;  = 


(Z  +  +  r2«~^v)  = 

Z2  +  rjejvZ  +  r2e~jvZ  ♦  rjr2  (16 

(rj=r2  if  coaplex) 
(v«Q  if  real) 

■  Z2  +  (rj  +  r2 ) coi (v)Z  +  *1*2 
*  Z2  +  axZ  +  a2  (18 


where  ai  =*  -(ri  +  rj)co*(v) 


If  aj  is  qaantised.it  becomes  Sj4  and  «2  becoan  a24. 
where  a^  is  the  q-bit  quantised  version  of  a  Since  a2  “ 
Tlr2'  *2  **  restricted  to  a  finite  nnaber  of  circles  of 
radios  r  =  [a24!*^. 

Coefficient  a2  is  furthermore  restricted  to 
aj4  »  -(rj  +  rj)cos(v)  which  is  a  finite  number  of  vertical 


lines. 


Figure  19.  Intersection  of  figures  17  and  18 

Since  the  TNS32010  uses  16-bit  signed  twos-complement 
arithmetic,  the  filter  coefficients  will  be  quantized  to  16 
bits.  The  format  used  in  the  TNS32010  is  what  is  known  as 
Q15  (4).  Q15  notation  has  a  single  sign  bit  in  the  Most- 
Si  g n i f  i  c an t- B  i  t  (MSB)  position.  followed  by  IS  twos- 
complement  magnitude  bits. 


S.XXXXXXXXXXXXXXX 


This  notation  allows  a  number  representation  of  between 
+.999969  and  -1.0  in  Q15  notation,  with  increments 
(resolution)  of  .000031.  However,  in  the  TMS32010,  only 
integer  arithmetic  can  be  performed.  These  numbers  have  a 
range  of  +32767  to  -32768. 

The  relatively  high  precision  coefficients  from 
ICECAP,  cji  must  be  multiplied  by  2*®  (32768)  to  move  the 
binary  point  after  the  sign  bit  IS  places  to  the  right.  The 
coefficient  is  then  truncated  or  rounded  to  obtain  an 
integer  between  the  limits  given  previously. 


[c 

0  " 

Ci*2l* 

(19) 

[c 

ilT 

=  Truncate  [c^*2*^l 

(20) 

[c 

ilR 

=  Round  [cj*2^®] 

(21) 

where 

[Ci] 

is  the  coefficient  multiplied 

by  2 1 5 

or  [Ci]R  is  the  truncated  or  rounded  integer  version  of  the 
coefficient  c^. 


Examp  1 e : 
a2 

[a2l 

u2Jt 

U,]R 


Le  t 

.756761 

.756761*215  =  24797.544 

24797  (Truncation) 

24798  (Rounding) 


Now,  to  convert  back  to  its  Q15  equivalent,  the  number 
must  be  divided  by  2 1 ^ .  Because  of  the  loss  of  some  of  the 
precision  of  the  number  due  to  truncation  or  rounding,  the 
'new'  number  will  not  equal  the  'old'  number. 

For  example 

a2'T  =  24797/215  =  .7567443  (22) 

a2'R  =  24798/215  =  .7567749  (23) 

(where  the  prime  indicates  Q15  notation) 

produces  a  difference  (from  the  original  coefficient)  of 
-.0000167  for  the  truncated  coefficient  and  +.0000139  for 
the  rounded  coefficient. 

For  16-bit  implementations,  coefficient  quantization 
will  generally  not  be  a  problem  on  the  overall  performance 
of  the  compensator,  provided  the  order  of  the  filter 
remains  less  than  10  (8:32). 

Before  the  coefficients  can  be  quantized,  they  must  be 
formed  into  a  polynomial  from  the  poles  and  zeros  of  each 
section.  The  array  of  filter  poles  and  zeros  for  each 
section  must  be  multiplied  out  to  produce  a  first  or 
second-order  polynomial  in  Z,  which  will  be  implemented 
using  a  particular  structure  (ID,  2D,  etc.).  Quantization 
can  then  be  performed  on  the  polynomial  coefficients  of  the 
resulting  quantized  first  or  second-order  sections.  When 


where 


w  *  T»n-1[«/o] 


rl  ~  °2  if  coeplex  roots 


bi  *  ( r3  +  r^lcoj (w) 


>2  “  *3*4 


And  finally,  multiplying  by  the  numerator  loop  sensitivity, 
which  is  bo»  yields 


b0  +  bi  Z_1  +  b2Z-2 


1  -  a.  Z 


-1  _ 


Each  of  the  above  coefficients  is  then  quantized  using  the 
previously  discussed  method,  which  produces 


G(Z)  = 


f  9  __ f  9 

ho  +  bi  Z  1  +  b2  Z 

i  'v-1  »y-2 

1  -  »1  Z  1  -  aj  ‘ 


where  the  prime  (')  on  the  coefficients  indicates  either  a 
rounded  or  truncated  quantized  coefficient. 


Each  of  the  above  quantized  coefficients  has  an 
integer  counterpart  which  is  represented  by  [c^l^  or  [c^l*. 
From  this  point  forward,  a  quantized  coefficient  will  be 


which  is  Q15  notation,  bit  the 


represented  by  c^  , 
coefficient  is  always  represented  as  an  integer  within  the 
TMS32010. 

After  quantization,  the  coefficients  are  stored  in  a 
file  for  later  use  in  generating  the  TMS32010  code  to 
implement  the  filter. 

Level  5.6  -  Scaling  and  Ordering.  The  coefficients 
must  be  scaled  and  the  second-order  sections  ordered  in 
order  to  minimize  the  probability  of  overflow  and  to 
minimize  error  due  to  coefficient  quantization. 

The  order  of  the  sections  will  be  as  determined  by  the 
pairing  algorithm.  While  this  is  not  an  optimal  ordering, 
it  is  an  easily  implemented  method.  If  this  thesis 
investigation  were  to  be  continued,  an  optimal  ordering 
algorithm  would  be  a  possible  follow-on  topic. 

Scaling  the  filter  coefficients  is  a  means  to  prevent 
the  digital  filter  from  overflowing  internally  while 
computing  the  next  filter  output,  Y(k).  The  current 
version  of  DICES  performs  no  scaling  other  than  that  which 
distributes  the  gain  equally  over  the  number  of  sections 
used. 


Lgygl _ 5.7  ~  Sample _ Period  Selection.  This  module 

provides  the  user  with  the  option  to  either  select  the 
sample  period  desired  (within  the  limits  of  the  AIB)  or 
have  DICES  extract  the  sample  period  that  was  used  during 


the  design  process  using  ICECAP. 

As  discnssed  previously,  TSAMP  is  obtained  frost  line 
615(4)  of  the  ICECAP  data  file  HEMORY.DAT.  This  value  is 
read  into  a  variable  called  TSAMP  and  should  be  checked  for 
compatibility  with  the  AIB  board.  After  quantization,  this 
variable  is  stored  along  with  the  quantized  coefficients. 

Hardware  Limitations.  The  AIB  board  has  a 
programmable  divide-by-N  rate  multiplier  that  can  be  set  to 
count  down  to  zero  from  a  preset  number  and  upon 
completion,  signal  the  TMS32010  by  pulling  a  pollable  pin 
low  (BIO)  (3).  This  pin  can  be  monitored  to  produce  very 


The  frequency  Bust  be  within  the  limits 


19.073486  Hr  <  FQut  <  40,000  Hz  (35) 

The  lower  limit  is  set  by  the  minimum  value  for  N  of  1.  The 
upper  limit  is  restricted  because  of  the  AIB  A/D  converter 
speed  of  25  microseconds.  The  sample  period  range  is 
therefore 

25  aicrosecs  <  Td  <  52.42  millisecs.  (36) 

and  the  range  of  integer  N  is 

1  <  N  <  2097  (37) 


Equation  (34)  can  be  rewritten  as 


N 


Fon  t 

19.073486 


(38) 


N 


1 


Td  •  19.073486 


(39) 


where 


Fin  =  CLK0UT  (5.0  Mhz) 

N  =  constant  value  in  clock  register 
(0  <  N  <  2097)  .  N  should  be  a 
power  of  two  if  a  stable  sampling  rate  is 


Font  -  output  frequency  of  the  pulse  at  the  BIO 
pin. 

T'j  =  desired  sample  period  which  aust  be 
between  limits  specified.  =  l/Font 

Since  the  counter  is  limited  to  16  bits  in  conjunction  with 
the  clock  rate  used,  the  range  of  sample  periods  available 
is  25  microseconds  to  52.42  milliseconds  as  shown  above. 
This  is  not  slow  enough  for  typical  control  system 
applications  that  involve  somewhat  slow  system  time- 
constants.  A  range  of  100  Hz  (10  milliseconds)  to  about  .1 
Hz  (10  seconds)  is  more  reasonable  for  most  physical 
control  applications  and  will  be  used  here. 

In  order  to  accomodate  this  new  range  of  sample 
periods  without  hardware  modifications,  a  software  timing 
loop  will  be  incorporated  into  the  filter  program  which 
will  effectively  extend  the  range  to  the  above 
requirements.  This  will  be  accomplished  by  acting  upon  only 
every  400th  occurrence  of  the  BIO  pin  signalling  the  end  of 
a  period.  This  will  effectively  increase  the  sample-period 
span  from  25  milliseconds  to  20.97  seconds. 

When  the  variable  TSAMP  is  read  from  MEMOKY.DAT,  it 
must  be  checked  to  see  if  it  falls  within  the  bounds  above. 
If  not,  the  user  must  be  notified  and  given  the  option  to 
escape  and  re-do  the  design.  If  the  sample  period  is 
acceptable,  it  must  be  divided  by  400,  since  it  is  the 


actual  sample  period  desired.  This  produces  a  value  within 


the  range  of  the  AIB  and  the  multiplication  by  400  ie  done 


in  the  filter  software  by  accepting  only  every  400th 
countdown . 

Example : 

If  a  TSANP  of  1  second  was  used  for  design  and  DICES 
reads  1  second  as  the  TSAMP  value,  this  value  would  be 
outside  the  range  of  the  AIB  board.  It  is  divided  by  400  to 
produce  .0025  seconds  (2.5  milliseconds).  This  value 
produces  an  'N'  of 


N  = 


1 


Td  •  19.073486 


(40) 


1 

s  -  i  —  ■  — - 

.0025*19.073486 


(41) 


20.97 


(42) 


Since  N  must  be  an  integer,  N  =  21  is  used.  This 
produces  a  sample  period  of  T  s  2.4966  milliseconds  and 
equates  to  a  final  sample  period  of  .99864  seconds. 


The  following  table  was  derived  by  picking  nominal 
values  of  Td,  dividing  by  400,  and  computing  'N'  using 
equation  (39).  Taking  the  integer  portion  and  using 
equation  (33)  produces  the  actual  F„_ .. .  The  reciprocal  of 


this  F _ *  it  taken  and  mul 

actual  tine,  T(.  The  table  shows  the  degradation  in 
accuracy  as  the  s anp 1 e-pe r iod  increases.  This  is  because  N 

r 

into  the  AIB  produces  the  longest  period  -  52.42 
Billiseconds  (because  the  counter  is  a  divide-by-N  counter 
-  i.e.,  it  divides  the  input  signal  by  N).  Multiplying  this 
by  400  yields  20.97  seconds.  If  N  «  2  is  loaded,  an 
interval  of  26.21  Billiseconds  results  and  400  tiaes  this 
produces  10.48  seconds. 


NOMINAL  TIME(T « )  ACTUAL  TIMB(T.) 


%  ERROR 


.1 

.100055 

0.05  * 

.3 

.299593 

-0.14  * 

.5 

.499322 

-0.14  % 

.7 

.699051 

-0.14  % 

.9 

.903945 

0.44  % 

1.1 

1.09227 

-0.70  * 

1.3 

1 .31072 

0.82  % 

1.5 

1.49797 

-0.14  * 

1.7 

1.69125 

-0.51  * 

1.9 

1.87246 

-1.45  % 

2.3 

2.27951 

-0.89  % 

2.7 

2.75941 

2.20  % 

3.1 

3.08405 

-0.51  * 

3.5 

3.49525 

-0.14  % 

3.9 

4.03298 

3.41  % 

4.3 

4 .36907 

1.61  % 

4.7 

4.76626 

1.41  % 

5 

5.24288 

4.86  « 

8 

7.48983 

-6.38  * 

11 

10.4858 

-4.67  % 

14 

13.1072 

-6.38  % 

17 

17.4763 

2.80  % 

Table  13.  Sample-Period  Errors 


using  equation  (39).  After  multiplying  this  time  by  400. 
the  user  can  then  use  the  resultant  time  in  the  design 
phase  and  when  converted  by  DICES  during  implementation, 
the  correct  value  will  result. 

Level  5.8  -  Generate  Code.  When  the  coefficients  and 
sample  period  have  been  quantized,  they  must  be  inserted 
into  the  TMS32010  filter  program.  The  filter  program 
consists  of  a  TMS32010  source  file  which  is  assembled  by 
the  TNS32010  Assembler  after  the  coefficients  have  been 
inserted  into  the  source  code. 

The  filter  program  (called  3DFILT.THS)  contains  the 
filter  coefficients  and  sample  period  constant  in  lines  168 
to  188.  These  lines  consist  of  21  integers  in  the  range  of 
+32767  to  -32768  along  with  the  DATA  statements  in  TMS32010 
assembly  language. 


[168] 

CB01 

DATA 

XXXXX 

[169] 

CB11 

DATA 

XXXXX 

[170] 

CB21 

DATA 

XXXXX 

[171] 

CA11 

DATA 

XXXXX 

[172] 

CA2 1 

DATA 

XXXXX 

[173] 

• 

CB02 

DATA 

XXXXX 

[186] 

CA14 

DATA 

XXXXX 

[187] 

CA24 

DATA 

XXXXX 

[188] 

SMP 

DATA 

XXXXX 

Table  14.  Source  File  Structure 


vv 


the  analog  computer.  Additional  analog  computers  can  be 
used  if  desired. 


Level  3.4  Connect  System.  This  process  is  the 
physical  connection  of  each  of  the  pieces  of  hardware  that 
make  up  the  entire  system  (test  equipment,  plant, 
controller,  etc.).  Appendix  A  describes  the  system 
connection  process  in  detail. 

Using  the  block  diagram  below,  each  piece  will  be 
described  as  to  its  interfaces  and  means  of  connection  to 
it's  interfaces.  First  the  connections  common  to  both  a 
cascade  and  feedback  controller  configuration  are 
discussed,  followed  by  the  connections  unique  to  each  type 
of  closed-loop  control  system. 


Figure  22.  System  Block  Diagram 


This  item  has  two  RS-232 


connectors  in  the  rear  which  are  labelled,  VAX  and  TRM. 

The  VAX  connector  is  connected  to  the  VAX  via  one  of 
it's  I/O  ports.  This  VAX  port  must  be  configured  by  the 
systea  operator  to  4800  baud  and  NOVRAP  feature.  This 
allows  the  downloading  of  TMS32010  object  code  to  take 
place  with  no  errors. 

The  TRM  connector  is  attached  to  a  VT100  video 
teraiinal  (or  sisilar).  This  teninal  should  also  be 
configured  to  send  and  receive  data  at  4800  baud.  The  EVM 
firmware  has  been  modified  to  send  and  receive  data  at 
4800  baud.  The  EVM  will  sense  the  baud  of  the  terminal  at 
RESET,  and  if  the  terminal  has  not  been  set  properly,  the 
EVM  will  respond  at  the  terminal  rate.  This  may  not  cause 
any  problems  until  the  downloading  of  object  code  from  the 
VAX  occurs. 

IEEE-488  Interfaces.  The  IEEE-488  cable  from  the 
National  Instruments  Bus  Extender  must  be  connected  to  the 
B/E  2032  Analyzer,  and  the  Wavetek  Signal  Generator. 
Appendix  A  contains  details  on  connecting  these  instruments 
to  the  IEEE-488  bus. 

Signal  Generator.  The  output  of  the  Wavetek 
Signal  Generator  is  connected  to  the  input  of  the  analog 
computer  summing  junction  and  to  the  B/E  2032  Trigger  Input 
connector.  These  connections  supply  the  reference  signal 


r 


for  step-response  mea surement s . 


B  / K  Analyzer.  The  analog  computer  output  (which 
represents  the  closed-loop  system  response)  is  inpat  to  the 
analyzer.  This  signal  is  measured  to  obtain  information 
about  the  response  of  the  system  under  test. 


Cascade  Controller.  This  section  discusses  the 
configuration  for  a  cascade  controller. 

EVM .  The  EVM  is  interfaced  to  the  plant  and 
summing  junction  of  the  closed-loop  system  via  the  two  EVM 
front-panel  BNC  connectors.  Note  that  the  maximum  input 
voltage  to  the  EVM  is  ±  10  volts  (2).  Damage  to  the  input 
s a mp 1 e- a nd- ho  1 d  amplifier  may  result  if  this  limit  is 
exceeded  . 

The  connector  labelled  INPUT  is  connected  to  the 
output  of  the  summing  junction  on  the  analog  computer.  This 
output  is  the  'error  signal*  that  drives  the  controller.  An 
adaptor  or  special  cable  should  be  used  to  change  the  BNC 
from  the  EVM  to  the  required  connectors  to  interface  with 
the  analog  computer. 

The  connector  labelled  OUTPUT  is  connected  to  the 
input  of  the  plant  simulation.  This  input  is  the  first 
potentiometer,  integrator,  or  amplifier  that  makes  up  the 
plant. 


106 


Plant.  The  input  to  the  plant  was  connected  when 
the  EVM  was  connected  to  the  analog  coaputer.  This  provides 
the  input  signal  to  the  plant.  The  plant  output  is 
connected  to  the  B/K  2032. 

Note  that  the  unity  feedback  connection  froa  the  plant 
to  the  suaaing  junction  (subtracted  froa  the  inputs)  is 
assuaed  to  be  a  part  of  the  analog  coaputer  siaulation  and 
is  not  addressed  here. 

Feedback  Controller.  This  section  discusses 
the  configuration  for  a  feedback  controller. 

EVM.  The  connector  labelled  INPUT  is  connected  to 
the  output  of  the  plant  siaulation  on  the  analog  computer. 

The  connector  labelled  OUTPUT  is  connected  to  the 
input  of  an  inverting  amplifier  on  the  analog  coaputer. 
This  signal,  when  inverted,  becomes  the  negative  feedback 
input  to  the  suaaing  junction. 

Plant.  The  input  to  the  plant  is  aade  internally 


on  the  analog  coaputer.  The  input  to  the  plant  is  the 
output  of  the  suaaing  junction  on  the  analog  computer. 


L'V  >  V'w  .-'V  ’.Vl 
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Detailed  System  Configuration  Module  Design 

Level  4.1  -  Access  CAD  Package  This  module  must 
provide  the  user  access  to  ICECAP.  Any  system  data  must  be 
saved  for  later  use  when  the  user  returns  to  the  main 
DICES  program. 

This  module  should  initiate  execution  of  the  ICECAP 
CAD  design  package  with  no  input  required  from  the  user# 
other  than  the  initial  selection.  Upon  completion  of  the 
design  phase,  control  should  be  passed  back  to  DICES  and 
the  main  menu  again  displayed. 

Level  5.9  Load  TMS32010  Code.  This  module  deals  with 
the  downloading  of  the  TMS32010  object  code  from  the  VAX  to 
the  EVM  which,  when  executed,  will  implement  the  desired 
digital  controller  algorithm. 

The  EVM  hat  a  utility  function  called  'Load  Program 
Memory  (LPM)'  which  allows  a  remote  system,  such  as  the 
VAX,  to  download  object  code  to  the  EVM's  program  memory. 
The  format  of  the  data  is  TMS9900  object  code  format,  which 
is  what  the  VAX  TMS32010  assembler  generates. 

In  order  to  load  the  object  code  into  program  memory, 
the  file  of  object  code  must  exist  in  the  VMS  file  system. 
The  VAX  TMS32010  assembler  generates  a  default  object  file 
name  of  3DFILT.MPO. 

Download  Process.  This  section  will  describe  in  a 
general  manner  the  dc«nloading  process.  Full  details  are 
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given  in  the  DICES  User's  Manual. 

To  ctert  the  downloading  process,  the  nser  must  exit 
DICES  to  the  VMS  operating  lyttea.  The  nser  then  toggles 
the  EVM  ont  of  the  transparency  node  into  the  EVM  sonitor 
program  (remember  that  the  EVM  is  in  cascade  with  the 
user's  terminal  and  the  VAX).  The  command  to  Load  Program 
Memory  is  given  which  censes  the  EVM  to  wait  for  data  from 
the  VAX.  Control  is  returned  to  the  VAX  VMS  system 
following  this  command.  A  VMS  command  to  type  the  object 
file  3DFILT.MPO  is  given  and  the  EVM  begins  loading  the 
object  code  into  its  program  memory.  When  complete,  the 
user  returns  to  the  VMS  system  by  again  toggling  the 
transparency  mode.  DICES  is  then  started  and  the  user 
continues  with  DICES. 

Level  6.1  Determine  Test  Requirements.  In  addition  to 
determining  the  test  requirements  from  the  user,  this  level 
also  initializes  the  programmable  test  equipment  in  DICES. 

Default  Instrument  Settinxs.  The  Wavetek  172B  and 
B/K  2032  System  Analyzer  are  programmed  with  settings  that 
do  not  change  from  one  test  to  another.  The  settings  for 
the  B/K  can  also  be  stored  within  the  instrument  in  order 
to  simplify  the  switching  between  test  configurations. 

The  default  parameters  are  now  listed  for  the  B/K  2032 
and  the  Wavetek  172B. 


B/K  2032  Default  Parameters.  The  B/K  2032  is  used 
for  both  s t e p - r e s p o n s e  and  f requescy/phase  response 


testing.  It  most,  therefore,  have  a  different  configuration 
for  each  of  these  two  functions. 


For  the  Step-Response  test,  the  B/E  must  perform  like 
an  oscilloscope  with  a  very  vide  range  of  sweep  times.  This 
is  required  to  record  even  the  slowest  responding  system 
response  to  a  step  input  (limited  to  512  seconds  per 
sweep).  To  accomplish  this  function,  there  are  several 
parameters  that  must  be  specified  to  the  B/E  (37).  These 
settings  are  stored  internally  to  the  B/E  2032  as  User 
Specified  set-ups  and  can  be  recalled  for  later  use, 
thereby  saving  time  when  the  set-up  is  required  later. 
These  settings  are  described  in  the  table  below.  A  ’SYSTEM 
RESET  9'  is  performed  prior  to  any  parameter  changes,  since 
the  reset  configures  the  entire  instrument  to  a  known 
state.  A  description  of  the  reset  process  can  be  found  in 
the  B/E  2032  operation  manual  (40:31).  Only  the  deltas  to 
the  'SYSTEM  RESET  9'  configuration  are  shown  below. 


Function 

Message  Terminator 
Trigger  Mode 
Trigger  Slope 
Display  Function 
Channe 1 

Channel  Coupling 


V»ln« 

<LF> ,  12g 
External 
Posit ive 
Time 
B 

DC  Direct 


Table  15.  Default  Step-Response  Settings 
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For  frequency  testing.  the  B/K  mast  perform  as  a 
white-noise  source  and  spectrnm  analyzer.  These  two  devices 
working  together  are  used  to  generate  signals  of  all 
frequencies  and  measure  the  system's  response  (both 
magnitude  and  phase)  to  these  signals. 

The  settings  required  for  this  mode  of  operation  are 
standard  settings  already  available  in  the  B/I.  There  are 
no  changes  to  this  standard  Frequency  Response  set-up  (Set¬ 
up  #12).  Only  the  Frequency  Span  must  be  changed  for  the 
particular  system  being  tested.  This  function  is  performed 
in  the  Performance  Evaluation  module. 


(.  The  Vavetek  172B  is 


used  only  for  the  step-response  test.  This  instrument 


Vavetek  172B  ‘wakes  up*  from  power-off  in  a  state  with  the 
output  disconnected  (36).  For  s t ep- r e s p on s e  testing,  the 
172B  must  be  configured  to  provide  variable  amplitude  and 
duration  pulses.  These  pulses  must  be  compatible  with  the 
TR-48  analog  computer  system,  so  will  generally  be  on  the 
order  of  a  few  volts.  The  default  settings  that  remain  the 
same  for  all  step  response  testing  are  shown  in  the  table 
below.  Note  that  it  is  not  necessary  to  store  these 


settings  internally  in  the  172B  because  the  172B  is  not 


Function 
Fnnc t  ion 


YllM 

+  Pulse  (0  v  ref) 


Node 


Triggered 


- .  ■. 


i 


Table  16.  Step-Response  Default  Paraaeters 


Detailed  Performance  Eval.aati.on  Module  Pea-inn 
This  aodnle  consists  of  the  software  and  hardware 
necessary  to  generate  and  send  appropriate  command  strings 
to  the  test  i  n  s  t  r  n  m  e  n  t  a  t  i  on  and  to  initiate  the  test 
sequence . 

Level  6.2  Generate  Command  Stria*.  In  order  to 
remotely  program  the  test  instruments  used  in  DICES,  the 
unique  command  strings  for  each  piece  of  equipment  must  be 
generated.  The  test  requirements  that  determine  the  command 
sequences  are  passed  to  this  nodule  end  used  to  build  the 
commands  to  be  sent  to  each  instrument.  The  current  version 
of  DICES  permits  two  main  tests  to  be  performed  -  step 
response  and  frequency  response  (magnitude  and  phase). 

General  Protrassiai  De  «  e  r  i  p_t i  an.  The  B/I  2032 
System  Analyzer  and  Vavetek  172B  are  IEEE-488  programmable 
instruments.  Each  instruments’  general  programming  methods 
are  now  discussed. 


-j 


rM 
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Wavetek  1 7  2  B.  Since  the  command  format  for 
the  Wavetek  172B  is  described  in  detail  in  the  Model  172B 
Programmable  Signal  Source  Introduction  Manual  (36:17-32), 
only  a  summary  is  presented  here. 


1)  A  <LF>  (linefeed)  character  is  used  as  an  end-of- 
string  (EOS)  character 

2)  Spaces  <SP)  are  not  allowed  within  data  messages 
except  as  defined  in  the  program  code  description 

The  general  input  data  measage  format  is  as  follows: 

(program  code 1 > < None r i c  Da t a2 > [ p r o g r a m  c od e 3 > < Num e r  i  c 
Data)] . . .I4<LF5> 


where  the  brackets  indicate  optional  program  codes  and 

1  Device  dependent  command 

2  Numeric  data  required  for  function  selected 

3  Multiple  device  dependent  commands  are  allowed 

4  Execute  command 

5  End-of-Str ing  message 


Program  codes  consist  of  a  single  upper-case  character 
function  identifier  (i.e.,  prefix)  and  a  parameter  field. 
Suffixes  are  not  used  in  172B  program  codes.  The  one-letter 


identifier  defines  the  m j  or  instrument  function  being 
addressed.  Depending  on  the  identifier,  the  associated 


p a r a ■ e t e r  field  nay  contain  zero,  one,  or  multiple 
parameters.  The  general  rules  of  program  code  format  are: 

o  The  172B  sends  and  receives  data  messages  in 
standard  ASCII  format. 

o  The  instrument  responds  only  to  upper-case 
characters . 

o  Program  oodes  are  space  sensitive 

Numeric  data  consists  of  the  characters  0  through  9,  E,  -, 
and  decimal  point  (.). 

L/i — 2  0  3  2 _ Sy.i.l.A.g _ Analyzer.  Detailed 

programming  instructions  are  contained  in  reference  37,  so 
only  a  summary  of  the  command  structure  is  presented  here. 
The  general  format  of  the  command  structure  is  similar  to 
that  of  the  Wavetek  172B  except  that  m  anu  f a c t u r e r- un i que 
terminology  is  used. 

1)  Semicolons,  commas  (,),  or  spaces  <SP>  may  follow 
the  two-letter  function  identifier 

2)  A  <LF>  (linefeed)  character  is  used  as  an  end-of- 
string  (EOS)  character 

3)  Spaces  <SP>  are  not  allowed  within  data  messages 
except  as  defined  in  the  program  code  description 

4)  Carriage  returns  <CR>  are  not  required  before  <LF> 


»  »a.~— C 


The  general  input  data  message  format  is  as  follows: 

<program  code  ><LF*> 

where 

1  Device  dependent  command 

2  End-of-Str ing  message 

Program  codes  consist  of  a  two-letter  function  identifier 
(i.e.,  prefix)  and  a  parameter  field.  Snffixes  are  not  used 
in  B/K  2032  program  codes.  The  two-letter  identifier  is  a 
mnemonic  that  defines  the  major  instrument  function  being 
addressed.  Depending  on  the  identifier,  the  associated 
parameter  field  may  contain  zero,  one,  or  multiple 
parameters.  The  general  rules  of  program  code  format  are: 

o  The  2032  sends  and  receives  data  messages  in 
standard  ASCII  format. 

o  The  instrument  responds  equally  to  upper  and  lower 
case  characters . 

Two  primary  program  codes  are  used,  these  are:  ASCII 
character  strings  and  binary  data.  Numeric  data  may  be 
integer,  decimal,  and  exponential,  all  of  which  may  be 
signed  or  unsigned. 


There  ere  seven  main  groups  of  function  types  for  the 
B/K  2032. 

1  .  Key  Control 

2.  Setup 

3 .  Result  I/O 

4  .  Display  I/O 

5.  Bus  Control 

6  .  Miscell aneous 

7.  Memory  I/O 

Step  Response.  The  step  response  test  requires 
the  use  of  the  Wavetek  172B  Signal  Generator  and  B/K  2032 
System  Analyzer.  The  generator  is  used  to  supply  the  step 
input  to  the  closed-loop  system  while  the  B/K  2032 
functions  as  an  oscilloscope  and  monitors  and  stores  the 
response  of  the  SUT. 

Since  the  B/K  2032  and  Vavetek  172B  are  configured  to 
a  default  condition  after  the  performance  evaluation  option 
is  selected,  only  deltas  to  this  condition  are  required  to 
be  sent.  The  command  requirements  of  the  B/K  2032  and 
Vavetek  172B  for  each  instrument  are  discussed  in  the 
remainder  of  this  section. 

Vavetek  172B  Signal  Generator.  The  magnitude  and 
duration  of  the  input  step  must  be  programmed  into  the 
signal  generator.  The  Vavetek  is  commanded  to  change  output 
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amplitude  and  pulse  duration  by  sending  a  unique  ASCII 
character  sequence. 


For  example,  to  send  a  single  step  pulse  of  duration 
10  seconds  and  amplitude  1  volt,  the  following  sequence  is 
sent . 


'C6B1F.05A1 .00JI<LF>  * 


where 

C  is  Function  identifier 
6  is  +  Pulse  function 
B  is  Node  identifier 
1  is  t r igge red/ s ing  1  e  mode 
F  is  Frequency  identifier 

.05  is  .05  Hz  which  is  a  10  second  pulse  (50%  duty 
cycle  of  20  second  period) 

A  is  Amplitude  identifier 

1.00  is  1.00  volts 

J  is  trigger  identifier  to  initiate  pulse 
I  is  Execute  identifier 


B/E  2032  System  Analyzer.  Approximate  settling 
time  given  by  the  user  determines  the  proper  time  base  to 
be  programmed  into  the  instrument.  The  settling  time  is 
used  as  input  to  a  subroutine  which  returns  the  Frequency 
Span  setting  required  on  the  B/E  to  obtain  the  desired 
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sweep  time. 


The  8/K  2032  is  capable  of  generating  sweep  speeds 
snch  that  frequencies  down  to  about  .0002  Hz  art 
capable  of  being  displayed  on  the  CBT.  The  upper  limit  ia 
about  25.6  Khz. 

As  an  example,  to  send  a  command  to  the  B/K  to  display 
a  square  wave  of  .1  Hz  applied  to  channel  A,  the  following 
command  strings  would  be  sent  (assuming  all  default 
settings  are  programmed  into  B/K): 

'ED  FU, 0<LF> ' 

’EM  TM , 1 < LF > ' 

'EM  TS , 0  <LF  > ' 

'EM  TL, . 25  <LF> ' 

'EM  FS, xx<LF> ' 

where  ED  is  the  mnemonic  for  the  functio 
Edit  gisplay  Specification 

EM  is  the  mnemonic  for  the  functio 
Edit  Measurement  Specification 

FD  is  the  mnemonic  for  the  field  Function 

0  is  the  value  0  for  the  Time  Channel  A  function 

TM  is  the  mnemonic  for  the  field  Trigger  Mode 

1  is  the  code  for  Channel  A  trigger  mode 

TS  is  the  mnemonic  for  Trigger  Slope 

0  is  the  code  for  +  slope  trigger 


TL  is  the  mnemonic  for  Trigger  Level 

.25  is  the  value  of  trigger  level  in  fraction  of 
maximum  input  level 

FS  is  the  mnemonic  for  Frequency  Span 

xx  is  the  Freq  Span  which  provides  the  proper  time 
base 


Freouencv  Response.  This  section  generates  the 
commands  necessary  to  program  the  B/K  2032  System  Analyser 
perform  a  frequency  response  test.  The  B/K  2032  is  used  to 
generate  a  random  white  noise  which  is  injected  into  the 
SUT.  The  frequency  and  phase  characteristics  of  the  output 
signal  are  then  collected  and  displayed  by  the  analyzer. 

The  user-supplied  approximate  bandwidth  (in  rads/sec) 
is  converted  to  a  value  that  is  compatible  with  the  B/K 
2032.  The  frequency  span  of  the  B/K  display  is  governed  by 
the  value  supplied  by  the  user.  The  B/K  has  a  frequency 
range  of  1.56  Hz  to  25.6  Khz.  The  approximate  bandwidth 
value  must  be  converted  to  an  integer  format  if  greater 
than  one,  or  to  a  decimal  value  if  less  than  one.  The 
frequency  range  is  doubled  and  converted  to  the  proper 
value . 

As  an  example,  consider  the  approximate  bandwidth  of  a 
system  to  be  3.45  hx.  This  value  is  doubled  to  obtain  6.9 


hz  to  allow  sufficient  frequency  range  to  be  observed. 

Since  the  B/K  203  2  is  configured  to  a  default 


selected,  only  deltas  to  this  condition  need  be  sent.  The 
coaaind  requirements  of  the  B/X  2032  are  discussed  in  the 
remainder  of  this  section. 

The  command  string  for  the  above  example  is  as 
follows 

'EH  FS,  6  . 9<LF> ' 

where 

EM  is  the  mnemonic  for  the  function 
Ed i t  Measurement  Spec ification 

FS  is  the  mnemonic  for  the  field  Freouencv  Scan 

6.9  is  the  value  6.9  hx  for  the  frequency  span 
which  is  rounded  to  the  nearest  achievable  value  by 
the  B/K  2032 


L.  A  National  Instruments 


GPIB11-2  IEEE-488  Interface  Board  was  installed  on  the  VAX 


11/780  to  give  the  system  an  instrument  control  capability 
(32).  Software  drivers  to  operate  the  board  and  provide 
interfaces  with  user  programs  were  also  installed  on  the 
VAX  VMS  system  (33). 

The  command  strings  that  have  been  formed  to  program 
the  test  instruments  via  the  IEEE-488  bus  must  be  sent  down 


the  bus  to  the  appropriate  instrument.  The  IEEE-488  user 
interface  software  provides  an  easy  means  to  specify  the 


IEEE-488  Bus  Description.  The  IEEE-488  interface 
standard,  also  known  as  the  General-Pnrpose  Interface  Bus 
(GPIB),  offers  a  uniform  method  of  sending  parallel  code 
from  one  device  to  another.  The  method  of  transmission  is 
byte-serial,  bit-parallel  over  a  24  line  shielded  cable 
which  is  extremely  resistant  to  interference.  There  can 

be  IS  devices  on  a  single  GPIB.  The  maximum  length  of  cable 
connecting  a  group  of  instruments  within  a  normal  bus 
system  is  either  two  meters  times  the  number  of  devices  on 
the  bus  or  20  meters,  whichever  is  less.  A  bus  extender  is 
used  with  DICES  to  extend  the  bus  to  30  meters.  The  usual 
minimal  system  requires  a  system  controller  which  decides 
which  device  on  the  GPIB  is  to  communicate  with  any  other 
dev  ices ( s  )  . 

Devices  on  the  bus  may,  in  general,  perform  three  main 
functions.  They  may  be  talkers,  i.e.,  they  may  transmit 
data  to  other  devices  on  the  bus.  Of  course,  there  may  be 
only  one  active  talker  at  a  time  on  the  bus.  Alternatively, 
a  device  may  be  a  listener  -  it  may  receive  data  or 
instructions  from  another  device  on  the  bus.  There  may  be 
more  than  one  active  listener  on  the  bus  at  any  given  time. 
Lastly,  a  device  may  act  as  a  controller,  a  coordinator  of 
which  device  may  talk  and  which  devices  may  listen.  A 
device  may  also  simply  stand  by  and  do  nothing. 

The  interface  supports  two  modes  of  operation: 


command  and  data.  As  the  name  suggests,  the  command  mode  is 


for  commanding  the  instruments  on  the  bns  to  listen,  talk, 
or  stand  by.  For  example,  on  the  Vavetek  172B  Programmable 
Signal  Source,  the  controller  can  command  the  172B  to 
listen  for  a  message  coming  down  the  bns.  In  the  data  mode, 
data  is  transferred  to  the  172B  which  then  interpreted  as 
i  n s t r n m e n t - p e c n 1 i a r  commands  and  data.  The  IEEE-488 
standard  does  not  dictate  what  the  data  means  that  is  sent 
down  the  bns.  It  only  specifies  the  format  and  protocol  of 


instrument  interprets  the  data  according  to  the  particular 
manufacturers'  conventions. 

There  is  a  seouence  of  detailed  handshakina  and 


signalling  that  goes  on  between  each  instrument  and 
controller  to  transmit  a  word  on  the  GPIB.  This  detail  will 
not  be  discussed  here  but  is  available  in  the  literature 
(31,38,39).  The  use  of  high-level  interface  programs  avoid 
the  need  for  the  system  designer  to  become  entangled  in  the 
details  of  this  process  (33). 


National  Instruments  GPIB11-2  interface  card  was  installed 
on  the  ISL  VAX  11/780.  This  card  interfaces  DEC  ONIBUS- 
based  computers  to  the  GPIB.  Figure  24  shows  a  typical 
implementation  on  a  VAX  11/780  system. 


This  interface  allows  programming  of  instruments  on 
the  GP1B  from  within  high-order-language  programs,  such  as 
DICES. 

During  installation  of  the  GPIB11-2  and  VAX  VMS 
software  drivers,  the  GPIB  device  addresses  are  entered 
into  the  drivers.  This  allows  reference  to  a  device  on  the 
bus  by  simply  specifying  a  device  number  such  as  1,  2,  or 
3.  The  device  addresses  and  numbers  were  configured  as 
shown  in  the  following  table. 


Device 


GPIB11-2 


B IX.  2032 


Wavetek  172B 


Table  17.  Device  Numbers  and  Addresses 


IEEE-488  Bus  Extender.  The  IEEE-488  bus  is 
limited  to  20  meters  total  length  with  further  limitations 
on  distance  between  instruments.  Because  of  the  physical 
separation  between  the  VAX  1  1/780  and  the  area  where  this 
work  was  carried  out,  a  National  Instruments  GPIB-100  IEEE 
Standard  488-1975  Bus  Extender  was  installed  on  the  system. 
The  GPIB-100  is  capable  of  extending  the  IEEE-488  bus  up  to 
300  meters.  An  extension  of  30  meters  was  used  for  this 
investigation  (See  figure  25). 
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The  IBUPU  calling  syntax  contains  the  following 
par ane ter s : 


o  System  Controller  Board  NUmber 
o  Function  Code 

o  Zero  or  more  arguments  for  a  particular  function 


A  brief  summary  of  the  IBUPU  functions  is  given  below. 
For  complete  details  refer  to  the  GPIB11-2  VAI/VMS  Software 
Reference  Manual  (33). 

Function  Code  Syntax 

WRITE  0  J«IBUPU(0,0,D, ARRAY, COUNT) 

Addresses  the  selected  device  as  Listener  and  transfers  the 
data  bytes  from  the  computer  to  the  device 


READ  1  J=IBUPU(0,1,D, ARRAY, COUNT) 

Addresses  the  selected  device  as  Talker  and  transfers  the 
data  bytes  from  that  device  to  the  computer. 


CLEAR  2  J=IBUPU ( 0 , 2 , D) 

Selectively  clears  one  device  on  the  GPIB,  simultaneously 
clears  all  devices  on  the  GPIB,  or  initializes  the  GPIB 
itself  by  sending  the  Interface  Clear  (IFC)  message. 


TRIGGER  •  3  J=IBUPU ( 0 , 3 , D) 

Selectively  triggers  one  device  or  simultaneously  triggers 
all  devices. 


REMOTE  4  J  =  IBUPU ( 0 , 4 , D ) 


Puts  a  selected  device  in  remote  mode,  all  devices  in 
remote  mode,  or  to  put  all  devices  in  remote  mode  with 


LOCAL 


5 


J=IBUPU ( 0 , 5  ,  D) 


Puts  a  selected  device  in  local  mode,  all  devices  in  local 
mode,  or  all  devices  ia  local  mode  and  cancels  the  local- 
lockout  condition. 

POLL  *  6  J=IBOPU(0 , 6 , D) 

Serially  polls  a  selected  device,  parallels  polls  all 
devices,  or  tests  if  any  device  is  requesting  service. 

CONFIGURE  •  7  J=IBUPU(0 , 7 , F , S , L) 

Configures  a  selected  device  for  parallel  polling  or  to 
unconfigure  all  devices. 

PASS  CONTROL  *  8  J*IBUPU(0 , 8 , D) 

Allows  the  selected  device  (with  Controller  capabilities) 
to  control  the  GPIB. 

DEFINE*  9  J  =  IBUPU(0 , 9  ,D, TAD, LAD,  SAD,  RND,  EOD,  1 MD) 

Replaces  the  information  in  the  bus  table  with  the  arguments 
specified  in  the  call. 

FINISH  •  10  J=IBUPU( 0,10) 

Terminates  usage  of  the  GPIB. 

where 

D  is  the  device  number 

ARRAY  is  a  string  of  bytes  to  be  written  to  the  device 
COUNT  is  an  integer  that  gives  the  size  of  ARRAY 
S  is  the  sense  of  the  response 

L  is  an  integer  representing  the  data  line  for  the 
response 

TAD  is  an  integer  representing  the  GPIB  Talk  ADdress 
(0100  -  0136  octal) 
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LAD  is  an  integer  representing  the  GPIB  Listen  ADdress 
(040  -  076  octal) 


SAD  is  an  integer  representing  the  Secondary  ADdress 
(0140  -  0176  octal) 

RHD  is  an  integer  representing  the  Read  MoDe 

EOD  is  an  integer  representing  the  End~Of-Data 
character  for  certain  read  nodes 

VMD  is  an  integer  representing  the  Vrite  MoDe 

J  is  an  integer  that  represents  the  returned  valne 
fron  the  function  call.  A  1  is  no  error  while  negative 
nunbers  are  error  codes. 


*  means  function  is  not  used  in  DICES 

Error  Codes.  The  IBOPU  nodule  returns  error 
codes  to  the  integer  variable  being  assigned  the  function 
output  (J  in  the  previous  syntax  descriptions).  These  error 
codes  are  very  useful  for  troubleshooting  and  to  deternine 
if  the  instruments  on  the  bus  have  been  properly  connected 
and  turned  on.  A  complete  error  code  summary  is  given  in 
Appendix  D  of  reference  33. 


Level  6.4  Start  Test  Sequence.  This  process  coanands 
the  test  instruments  to  begin  the  test  sequence.  This 
involves  turning  on  the  generator  output,  and  causing  the 
B/K  analyzer  to  begin  making  measurements  of  the  closed- 
loop  control  system. 


This  process  involves  waiting  for  a  user-generated 


signal  to  initiate  the  test  sequence.  A  signal  must  be 
generated  to  start  the  sequence  because  there  are  some 
operations  required  to  be  performed  by  the  user  prior  to 
starting  the  test.  For  all  tests,  the  user  must  'toggle' 
out  of  the  transparent  mode  and  communicate  with  the  EVN  to 
begin  execution  of  the  TMS32010  filter  code.  If  the  test 
sequence  were  started  automatically,  the  user  might  not 
have  sufficient  time  to  ready  the  system. 

The  sequence  of  events  that  lead  to  the  start  of  the 
test  sequence  are  as  follows: 

1.  Display  message  instructing  user  to  start  the 
TMS32010  executing  the  filter  code 

2.  Read  B/K  for  'START'  key 

3.  If  not  pressed  yet  -  return  to  step  3 

4 .  When  pressed 

A.  Step  Response  -  Start  pulse  output  from 
Wavetek  172B 

B.  Freq/Phase  Response  -  B/K  is  started  by  the 
actual  closure  of  the  'START'  switch 

5.  Return  to  Performance  Evaluation  Menu 

For  example,  assuming  the  Wavetek  172B  is  set-up  in  the 
trigger  mode  to  output  a  single  pulse  when  triggered,  the 
following  code  will  generate  the  pulse. 

PROGRAM  TRIG  'PROGRAM  TO  TRIGGER  172B 

INTEGER  IBDPD  'DEFINE  INTEGER  FUNCTION 

CHARACTERS  CMD 


3 


T 


CHARACTKR*2  CMD 


BOARD-O 
FUNCTION-1 
CMD= ' I  * 

CMD=CMD//CHAR(12) 
DEVNUM-3 
LGTH=LEN( CMD) +1 


'SYSTEM  CONTROLLER  #0 

'WRITE  FUNCTION  CODE-1 

'COMMAND  STRING  TO  EXECUTE 

'ADD  <LF>  CHARACTER 

'DEVICE  NUMBER  OF  GEN 

'LENGTH  OF  CMD  +  1  BECAUSE 
'OF  ADDED  <LF> 


J= IBUPU ( BOARD , FUNCTION , DEVNUM. %REF ( CMD) , LGTH) 

STOP 

END 


Where  %REF(string  variable)  is  used  by  VMS  to  pass 
variable  strings 


Level  6.5  Collect  Test  Results.  Collecting  the  test 
results  when  the  test  is  completed  is  accomplished  by  using 
the  cursor  functions  of  the  B/K  2032.  These  functions  allow 
flexible  read-out  of  the  various  test  parameters,  such  as 
peak  time,  rise  time,  settling  time,  bandwidth,  etc. 

The  B/K  has  several  different  cursor  types  which 
provide  different  graphical  displays  of  the  test  response 
data.  Upon  completion  of  each  test,  the  B/K  is  programmed 
to  go  to  a  particular  cursor  mode.  This  mode  can  be  changed 
by  the  user  via  the  front  panel  if  another  mode  is  desired. 


The  default  aode  selected  by  DICES  is  called  the 

'DELTA*  mode.  This  allows  setting  a  reference  mark  anywhere 
on  the  display  (time  axis  or  frequency  axis)  and  measuring 
the  delta  time  or  frequency  to  a  movable  cursor.  The  value 
of  the  Y-axis  parameter  (Volts  or  dB  magnitude)  is  also 
displayed  as  the  cursor  is  moved.  This  is  extremely  useful 
to  make  the  type  of  measurements  that  are  usually  of 

interest  in  a  control  system. 

The  upper  right  corner  of  the  display  is  the  cursor 
block  on  the  display. 

DELT  T:  38.34  dB 

X:  2345Hz 

AX:  3423Hz 

The  initial  reference  point  for  the  cursor  is  zero  Hz 

or  0  seconds.  To  make  a  measurement,  the  user  simply  moves 

the  cursor  to  the  desired  location  and  reads  out  the  values 
of  interest. 


Bardur*  S.xiigi  Jlgj-ixa 

This  section  will  assemble  the  hardware  required  to 
implement  DICES.  It  will  draw  upon  each  of  the  previous 
discussions  of  the  individual  processes  to  be  implemented. 


The  computer  system  to  be  used  is  the  VAX  11/780 
operating  with  the  Virtual  Memory  System  (VMS  Version  4.2). 
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contains  a  p s nedo- r ando a  noise  generator  for  frequency 


impulses  into  the  SUT.  The  programmable  signal  generator  is 


information  about  the  system. 

The  output  of  the  system  is  monitored  by  the  B/K 
System  Analyzer. 

The  B/K  Analyzer  uses  Fast  Fourier  Transform 
techniques  to  obtain  frequency  magnitude  and  phase 
information  about  the  SUT.  When  operating  in  the  time  mode, 
the  B/K  2032  acts  as  an  oscilloscope  to  display  the  step 
response  of  the  system-under-test.  These  data  are  stored  in 
the  B/K  for  further  examination  and  study. 


system  block  disarms  as  shown 


i.  i.  .  i  i  ^  . 


Figure  29.  System  Block  Diagram 
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This  chapter  presented  the  detailed  design  of  each 
aiajor  level  within  DICES.  Each  of  the  five  aiajor  nodules 
were  designed  based  on  the  analysis  performed  for  each 
aiodnle.  Hardware  and  software  designs  were  accomplished  and 
detailed  descriptions  of  each  of  the  levels  were  given. 


This  chapter  presents  the  inple aentat  ion  of  the  design 
of  chapter  3  using  ▼arious  hardware  and  software  nodules. 
The  approach  taken  is  to  address  each  of  the  various  levels 
grouped  according  to  the  major  nodules  identified  in 
chapter  3.  These  modules  are: 

1.  User  Interface  Module 

2.  Filter  Implementation  Module 

3.  Plant  Modelling  Module 

4.  System  Configuration  Module 

5.  Performance  Evaluation  Module 

The  approach  taken  during  the  implementation  phase  is 
to  implement  each  of  the  proceases  described  in  Chapter  3, 
and  then  use  menus  to  obtain  from  the  user  the  order  of 
execution  of  each  of  the  major  modules.  DICES  is  therefore 
actually  a  collection  of  modules,  each  of  which  performs  a 
given  function.  However,  as  mentioned  above,  the  user 
directs  the  order  of  execution  of  these  modules  and  has 
control  over  which  modules  actually  get  executed. 

Svatem  Implementation 

Each  of  the  five  modules  will  now  be  implemented  in 


the  order  shown  above. 


User  Interface.  This  module  contains  the  processes 
necessary  to  interface  with  the  user  to  display  and  receive 
data.  The  entire  modnle  lends  itself  to  implementation  via 
software  on  the  VAX  VMS  system.  The  processes  to  be 
implemented  in  this  modnle  are: 


1.0 

Determine  system  performance  specs 

2.0 

Develop  plant  model 

3.1 

Display  options 

3.3 

Test  simulation 

3.4 

Connect  system 

4.2 

Design  controller 

4.3 

Analyze  performance 

4.4 

Store  coefficients 

5.1 

Retrieve  coefficients 

5.5 

Re-analyze  performance 

6.1 

Determine  test  requirements 

6.5 

Collect  test  results 

In  addition.  the  main  menn  function  will  be 
implemented  within  this  module.  This  routine  presents  to 
the  user  all  the  options  available  to  the  user. 


Main  Menu 

The  options  available  are  presented  to  the  user  by 
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this  module  and  the  user  is  prompted  to  select  the  desired 
option.  This  code  will  be  contained  in  the  main  program 
module  called  DICES. THS.  DICES. THS  will  be  the  main  calling 
program  which  displays  the  option  menus  and  calls  the 
appropriate  subroutines.  A  listing  of  DICES. THS  is  provided 
in  Append ix  E.l . 

The  main  menu  and  all  the  sub-menus  will  appear  as 
f ol lows : 


DIGITAL  INTERACTIVE  CONTROLLER 
EVALUATION  SYSTEM  (DICES) 


OPTIONS: 

1.  SYSTEM  PERFORMANCE  SPECS 

2.  MATHEMATICAL  MODEL  DEVELOPMENT 

3.  PLANT  SIMULATION 

4.  CONTROLLER  DESIGN 

5.  IMPLEMENT  CONTROLLER 

6.  CLOSED-LOOP  PERFORMANCE  TESTING 

7.  REPORT  GENERATION 

8.  END  PROGRAM 


Figure  30.  Main  Menu 


CONTROLLER  IMPLEMENTATION  SUB-MENU  (5) 
OPTIONS: 


1.  READ  DESIGN  PARAMETERS  AND  PAIR  POLES/ZEROS 

2.  SELECT  QUANTIZATION  ROUND-OFF  OR  TRUNCATION 

3.  FORM  SECOND  ORDER  SECTIONS  AND  LOAD  SOURCE  CODE 

4.  GENERATE  CONTROLLER  OBJECT  CODE  (TMS32010) 

5.  LOAD  OBJECT  CODE  INTO  TMS32010 

6.  RETURN  TO  MAIN  MENU 


Figure  31.  Filter  Implementation  Sub-Menu 


PERFORMANCE  TESTING  SDB-MEND  (6) 


OPTIONS: 


1.  STEP  RESPONSE 

2.  FREQUENCY  RESPONSE 

3.  IMPULSE  RESPONSE 

4.  RETURN  TO  MAIN  MENU 


Figure  32.  Performance  Testing  Sub-Menu 


Level  1.0  -  Determine  System  Performance  Specs 
This  process  simply  displays  to  the  user  a  message  to 
obtain  system  performance  specifications.  This  message  is 
contained  within  DICES. THS  and  called  when  option  1  on  the 
main  menu  is  selected. 


Figure  34 
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Level  4.3  Analyze  Performance 

This  process  contains  no  code  as  it  is  performed 
entirely  by  the  nser  using  ICECAP  and  the  appropriate 
design  and  analysis  procedures. 

Level  4.4  Store  Coefficients 

This  process  stores  the  compensator  parameters  when 
the  design  phase  is  complete.  Upon  issuance  of  the  STOP 
command  in  ICECAP,  control  leaves  the  ICECAP  program  and 
saves  the  controller  design  in  data  file  MEMORY.DAT. 
Instead  of  returning  to  the  operating  system,  the  user  is 
returned  to  the  DICES  main  menu. 


Level  5.1  Retrieve  Factors 

This  process  retrieves  the  compensator  parameters  from 
the  data  file  MEMORY.DAT.  This  module  reads  the  sequential 
data  file  (MEMORY.DAT)  until  the  appropriate  data  are 
encountered  as  described  in  the  design  chapter. 

The  data  read  by  this  module  are  the  1)  order  of  the 
controller,  2)  sample  period,  3)  pole  and  zero  roots,  and 
4)  loop  sensitivity  gain. 

This  function  will  be  broken  into  two  modules  called 
RDORDER.THS  and  RDHTF.THS.  RDORDER.THS  reads  the  order  of 
the  controller  and  RDHTF.THS  reads  the  remaining  data. 
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This  module  will  place  the  quantized  poles  and  zeros 
of  the  controller  design  back  into  the  MEMORY.DAT  data  file 


for  analysis  using  ICECAP. 

Once  ICECAP  is  entered,  a  RECOVER  (29)  command  is  used 
to  retrieve  the  data  from  MEMORY.DAT.  An  analysis  can  then 
be  performed  to  determine  the  theoretical  effects  of 
quantization  on  the  performance  of  the  closed-loop  system. 

Since  ICECAP  does  not  refactor  the  numerator  and 
denominator  polynomials  when  a  RECOVER  is  performed,  DICES 
must  multiply  the  separate  first  and  second-order  sections 
together  to  form  the  full-order  polynomials.  The  poles  and 
zeros  of  the  quantization  process  must  be  obtained  by 
factoring  the  second-order  sections.  These  factors  must  be 
reinserted  into  the  MEMORY.DAT  file.  This  function  is  not 
currently  available  in  DICES. 

Lpyp;  6,1  Tpxt  Rq,q,B.irgff pau. 

The  user  must  make  known  to  DICES  the  tests  to  be 
performed  on  the  system  by  selecting  the  Performance  Test 
Option  from  the  main  menu,  and  then  the  specific  test  from 
the  Test  Menu.  The  current  version  of  DICES  implements  only 
the  Step  Response  and  Frequency  (Magnitude  and  Phase) 
Response  Test.  The  Impulse  Response  Test  is  not  implemented. 

Main  Menu  Option  6  is  selected  to  begin  the  test  phase 
and  the  Test  Menu  is  displayed  (See  figure  32).  Once  the 
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selection  is  made,  the  test-type  is  passed  to  the  next 


process. 

Level  6.5  Collect  Test  Results 

Following  completion  of  a  particular  test#  the  results 
must  be  made  available  to  the  user  for  review.  The  B/E  2032 
is  used  as  the  primary  means  of  displaying  the  test 
results.  Following  either  a  Step  or  Frequency  Test,  the  B/E 
2032  processes  the  system  response  and  displays  the  results 
in  a  meaningful  manner. 

Step  Response  Test.  The  Step  Response  Test  display 
consists  of  a  full-screen  format  display  of  the  time 
response  of  the  s y s t e m- und e r- 1 e s  t .  The  x-axis  represents 
time  while  the  vertical  axii  represents  volts  (which 
represent  some  physical  unit  after  conversion).  The  time 
axis  scale  was  set  according  to  the  user-provided  settling 
time  of  the  system  during  the  test  set-up.  Vertical  scaling 
was  initially  set  according  to  the  specified  step  amplitude 
but  following  test  completion,  is  set  to  maximum  resolution 
using  the  AUTOSCALE  function  of  the  B/E  2032  (40).  Then  the 
TEST  COMPLETE  message  appears  at  the  bottom  of  the  B/E,  the 
user  is  free  to  use  the  FIELD  ENTRY  knob  on  the  B/E  panel 
to  move  the  cursor  to  determine  system  response  parameters 
of  interest. 


Frequency  Response  testing 


produces  a  split-screen  format  which  contains  both  the 
magnitude  and  phase  response.  The  upper  screen  displays  the 
magnitude  response  with  the  horizontal  axis  representing 
frequency  (in  Hertz),  while  the  vertical  axis  is  calibrated 
in  decibels.  The  lower  screen  displays  the  phase  response 
of  the  system.  The  horizontal  axis  is  identical  to  the 
upper  magnitude  display  while  the  vertical  axis  is  in 
degrees.  As  with  the  Step  Response  Test,  the  user  is  free 
to  move  the  cursor  about  the  display.  The  default  mode  for 
the  cursor  is  ALIGN  CURSORS,  which  moves  the  cursor  on  both 
displays  simultaneously.  Consult  reference  40  for 
additional  cursor  modes. 


This  module  contains  the  modules  necessary  to 
implement  the  digital  filter  design  on  a  TMS32010 
microprocessor.  The  processes  contained  within  this  module 
are  listed  below. 


5.2  Select  filter  structure 

5.3  Pole/zero  pairing 

5.4  Quantize  coefficients 

5.6  Scaling  and  ordering 

5.7  Sample  period  selection 


5.8 


Generate  TMS32010  code 


Level  5.2  Sel 


This  module  permits  the  user  to  select  the  structure 
of  the  digital  filter  to  he  implemented  on  the  TMS32010. 
The  current  version  of  DICES  implements  the  3D  structure, 
however,  future  versions  could  allow  any  of  the  standard 
structures  to  be  used. 

The  selection  of  the  filter  structure  is  accomplished 
by  choosing  the  'Select  Filter  Structure'  option  from  the 
Filter  Implementation  menu.  The  user  is  then  presented  with 
another  menu  which  lists  the  current  structures  available. 

A  generic  eighth-order  3D  filter  is  contained  in  data 
file  3DFILT.THS.  For  future  versions  of  DICES,  it  is 
suggested  that  separate  data  files  each  containing  a 
filter  structure  source  program  be  maintained.  For  example, 
a  program  which  implements  a  ID  structure  would  be  called 
1DFILT.THS . 


3DFILT.THS  Implementation.  This  section  discusses  the 
details  of  implementing  the  generic  3D  filter  program.  The 
basic  design  of  the  filter  program  was  taken  from  a  Texas 
Instrument's  Digital  Signal  Processing  Application  Report 
entitled,  'Implementation  of  FIR/IIR  Filters  with  the 
TM  S3  2010'  (4:C7-C9).  A  complete  program  listing  is 

contained  in  Appendix  E.2  which  should  be  used  to 
complement  the  following  discussion.  The  line  numbers  refer 


s 


Lilies  75  -  141.  This  section  equates  variable  names 
to  integer  values  which  will  used  as  memory  location 


labels  . 

Line  144.  Data  location  zero  is  used  as  the  starting 
location  for  assembly  of  the  source  code. 

Lines  168  -  195.  This  section  uses  DATA  statements  to 
define  the  coefficients  of  a  unity  gain  filter.  These 
coefficients  are  modified  by  DICES  depending  on  the  poles 
and  zeros  of  the  filter  to  be  implemented.  This  section 
also  initializes  the  sample  period.  Analog  Board  mode,  and 
the  constant  400.  MASK1  and  MASK2,  which  are  used  to 
convert  various  number  codes,  are  also  initialized. 

Line  200  is  the  beginning  of  the  executable  code. 

Lines  202  -  242.  This  section  moves  the  data  constants 
from  program  memory  to  data  memory  for  access  by  the 
TMS32010.  In  the  TMS32010  architecture,  constants  must 
reside  in  data  memory  to  read  into  the  ALU.  A  special 
instruction  called  TBLR  (Table  Read)  exists  to  move  data 
from  program  memory  to  data  memory. 

All  the  initial  states  of  the  delay  nodes  of  the 
filter  are  initialized  to  zero.  An  initialization  word  is 
tent  out  to  the  Analog  Interface  Board  as  well  as  the 
sample  period  constant. 

Line  245.  The  beginning  of  the  infinite  loop  which 
executes  the  difference  equation. 

Lines  248  -  254.  This  section  reads  the  input  signal 


froa  the  Analog  Interface  Board  at  a  rate  determined  by  the 
sanple  period  constant  that  was  loaded.  Because  of  the 
hardware  limitation  on  the  sample  periods  that  can  be 
obtained,  the  input  is  kept  only  every  400th  sample.  This 
effectively  scales  the  range  of  sample-periods  by  a  factor 
of  400. 

Lines  258  -  260.  A  format  conversion  from  the  AIB's 
Complementary-Offset-Binary  (COB)  code  to  Twos-Complement. 

Lines  262  -  280.  Performs  the  multiplications, 
additions,  and  data  shifts  of  the  input  and  output  samples 
to  implement  the  first  section  of  the  filter.  This  section 
relies  heavily  on  a  unique  instruction  pair  called  LTA  and 
LTD  of  the  TMS32010  which  has  been  optimized  for  digital 
filter  applications.  These  two  instructions,  in 
conjunction  with  a  MPT  (multiply)  instruction: 

1.  Perform  the  summation  of  a  previous  partial  product 

2.  Load  an  input  or  output  data  value  into  the  T- 
register  as  a  multiplicand 

3.  Shift  the  data  point  being  loaded  by  one  location 
which  represents  a  'delay*  of  one  sample-period 

4.  Multiply  the  T-register  by  the  coefficient  for 
the  particular  input/output  data  value 

Lines  281  -  297.  Implements  the  second  section  with 
code  similar  to  section  one. 


Lines  298 


314.  Implements  the  third  section  with 


code  similar  to  section  one. 


Lines  334  -  337.  Converts  from  Twos-Complement  format 
to  Of f s e t-B ina ry  (OB)  format  for  the  D/A  converter. 

Line  339.  Outputs  the  computed  output  value,  Y(k),  to 
the  A1B  for  control  of  the  plant. 

Line  341.  Branches  to  beginning  of  the  infinite  filter 


Figure  37.  Flowchart  of  3D  Filter  Implementation 


to  Pairim 


The  pole/zero  pairing  module  receives  an  array  of 
filter  poles  and  zeros  and  selects  the  pairs  of  poles  and 
zeros  that  will  make  op  each  second-order  section  of  the 
filter.  In  cases  where  the  order  of  the  denominator  is  odd. 
there  will  always  be  a  first-order  section. 

The  algorithm  to  be  implemented  consists  of 
subroutines  that  are  called  from  the  main  routine  PAIR.THS. 
This  main  routine  is  basically  an  iterative  routine  that 
first  pairs  the  poles  and  then  assigns  zeros  to  each 
section  until  the  supply  is  exhausted.  Since  the  order  of 
of  the  numerator  is  less  than  or  equal  to  that  of  the 


’vV-l 


R  i£ 


denominator,  there  may  not  be  sufficient  zeros  to  assign  to 
each  section.  A  numerator  of  'one'  is  simply  used  in  these 


cases . 


Implementation  of  the  pairing  algorithm  is  flowcharted 
in  figures  38  and  39.  This  routine  calls  some  or  all  of  the 
subroutines,  depending  on  the  exact  constellation  of  poles 
and  zeros  for  a  particular  filter.  Appendix  D  details 
several  different  test  paths  through  the  flowchart,  along 
with  the  resultant  pairings  that  were  generated. 


t.  Each  of  the  main  subroutines  is  now 


discussed  along  with  flowcharts  where  warranted. 


ANYCOMPZEROS.  This  routine  determines  if  there 
are  any  complex  zeros  available  for  assignment  to  a  filter 
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Figure  39.  PAIR .THS  Flowchart 


section.  'Available'  means  that  there  is  at  least  one  pair 
of  complex  zeros  that  can  be  assigned  to  a  filter  section. 
This  pair  is  then  marked  as  ‘used’  so  as  to  remove  it  from 


farther  consideration. 

The  input  to  this  routine  consists  of  a  complex  array 
of  all  the  zeros  of  the  compensator  in  no  particular  order 
except  that  complex  zeros  are  adjacent  to  each  other.  This 
array  is  called  CZERO.  There  is  also  a  vector  that 
initially  contains  the  numbers  one  through  m  (where  m  is 
the  order  of  the  numerator),  which  represent  the  zero 
positions  in  the  array.  As  each  zero  is  used,  a  zero  is 
placed  in  the  corresponding  vector  location  to  represent 
that  zero  being  unavailable  for  the  rest  of  the  pairing 
process.  This  vector  is  called  I1JSEDZER0S. 

The  routine  simply  iterates  through  the  array  'm' 
times  looking  for  a  non-zero  imaginary  component  of  the 
array.  When  one  is  found,  another  is  assumed  next  to  it  and 
the  vector  is  assigned  a  value  of  '1'  in  those  locations. 
This  is  continued  until  all  zeros  have  been  checked. 

The  routine  returns  the  vector  IAVAILZEROS  which 
indicate  the  indices  of  complex  zeros  in  array  CZERO.  The 
number  of  complex  zeros  available  is  also  returned  in 


variable  INCMAVAIL. 


Figure  40.  Subroutine  ANYCOMPZEROS 

ANYREALZEROS.  This  routine  is  sisilir  to 
ANYCOMPZEROS  except  it  checks  for  the  inaginsry  pert  of 
each  zero  equal  to  zero.  If  it  is  and  it  has  not  been  used 
yet,  it  is  recorded  in  vector  IAVAILREALZ.  The  nuaiber  of 
real  zeros  available  is  passed  out  of  the  routine  in 


variable  INUMAVAIL. 


Figure  41.  Subroutine  ANYREALZEROS 

MARK1Z.  This  routine  records  the  use  of  e  reel 
zero  in  the  pairing  process.  The  inputs  to  this  routine  are 
IUSEDZEROS  and  ICL0SER1.  The  output  is  IUSEDZEROS  that  has 
been  appropriately  narked. 

IUSEDZEROS  has  been  described  in  subroutine 
ANYCONPZEROS.  ICL0SER1  contains  the  index  number  of  the 
zero  to  mark  in  IUSEDZEROS. 

IUSEDZEROS  is  returned  with  the  latest  used  zero 
marked  to  remove  it  from  further  consideration  in  the 


pairing  process. 


M ARK2 Z.  This  routine  is  identical  to  MARK1Z 
except  two  zeros  are  narked  instead  of  one.  The  zeros  to  be 
narked  are  passed  to  the  subroutine  by  the  variables 
ICLOSERPAIR  or  ICLOSECPAIR,  depending  on  whether  the  pair 
is  real  or  conplex. 


CL0SEST1ZER0.  This  routine  locates  the  closest 
single  zero  to  a  reference  pole  that  is  passed  to  the 
subroutine.  The  inputs  are  CZERO,  CPOLEPAIR,  IAVAILREALZ, 
and  INUMAVAIL. 

CZERO  is  the  array  of  zeros. 

CPOLEPAIR  is  the  reference  pole. 

IAVAILREALZ  is  a  vector  of  index  nunbers  that  locate 
the  real  available  zeros. 

INUMAVAIL  is  the  number  of  zeros  available  for 
cons ider at  ion . 


The  output  is  the  variable  ICL0SER1,  which  contains 
the  index  nunber  in  CZERO  of  the  closest  real  zero  to  the 
reference  pole. 
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Figure  42.  Subroutine  CLOSEST1ZERO 


CLOSESTREALPAIRC.  This  routine  is  sieiltr  to 
CLOSEST1ZERO  except  that  the  reference  pole  is  assumed  to 
be  a  complex  pair.  The  input  variables  are  the  same  as 
CLOSEST1 ZERO.  The  output  variable  is  ICLOSERPAIR.  which 
contains  the  closest  two  real  zeros  to  the  reference 
complex  pole. 

CLOSESTCOMPLEXPAIR.  This  routine  locates  the 
closest  pair  of  complex  zeros  to  the  reference  complex  pole 
pair.  The  inputs  are  the  same  as  CLOSETSREALPAIRC  except 


for  the  variable  IAVAILCOMPZ  which  contains  the  index 


numbers  of  available  complex  zeros.  The  output  is 
ICLOSECPAIR,  which  identifies  the  index  number  in  CZERO  of 
the  closest  complex  pair  of  zeros  to  the  reference  pole. 


CLOSESTREALPAIRR.  This  routine  locates  the 
closest  real  pair  of  zeros  to  a  reference  pair  of  real 
poles.  The  inputs  and  outputs  are  the  same  as 
CLOSESTREALPAIRC . 


Level  5.4  Quantize  Coefficients 

This  level  multiples  the  second-order  section  roots  to 
obtain  first  and  second-order  polynomials.  The  coefficients 
of  these  polynomials  are  then  quantized  into  a  16-bit 
integer  representation  and  stored  in  a  data  file  for  later 
use.  The  integer  equivalent  of  the  sample-period  is  also 
stored  in  the  data  file. 

A  21  element  array  INEVCO  contains  the  integer 
coefficients  that  are  computed  from  the  routine.  It  also 
contains  the  integer  representing  the  s a mp 1 e-p e r i o d , 
ITSAMP. 

I 

The  routine  assigns  the  integer  32767  to  the  bp  (see 
page  91)  coefficients  as  a  default  value.  This  provides  a 
near-unity  gain  for  unused  sections  of  the  filter.  The 
actual  gain  of  the  section  is 


32767 

A  =  -  (44) 

32768 

A  =  .9999694  (45) 

This  attenuation  is  compensated  for  in  the  sections 
that  are  used  by  increasing  the  loop  sensitivity  gain 
factor  by  (.  9  9  9  96  94  )  ~  k  vhere  k  is  the  number  of  nnnsed 
sections.  This  gain  is  then  distributed  over  the  used 
sect  ions . 

Example : 

If  two  sections  are  used  to  implement  a  third  or 
fourth-order  filter  with  an  HK=. 34345,  there  will  be  two 
unused  sections.  These  two  sections  attenuate  the  gain  by 
(,9999694)2  or  .9999388.  This  requires  a  correction  factor 
of  1.000061203  to  be  distributed  over  two  sections.  Each 
section's  coefficients  will  be  increased  by  a  factor  of 
(1.000061203)’^  or  1.000030601  multiplied  by  the  portion  of 
HK  assigned  to  that  section.  In  this  example,  the  HK  for 
each  used  section  would  be  HK '  =  ( .  3 4 3 4 5 )  •  ^  or  .586046073. 
HK'  is  then  multiplied  by  1.000030601  to  yield 


HK' '  =  .586064007  . 


Each  used  section's  roots  are  multiplied  out  to  obtain 


high-precision  coefficients  and  then  multiplied  by  its 
correction  factor.  These  coefficients  are  then  quantized 
into  16-bit  integer  representations  as  described  in  chapter 
3. 

As  each  set  of  coefficients  is  formed  for  each 
section,  they  are  stored  in  the  array  INEWCO.  When  the 
entire  process  is  complete,  the  coefficients  and  ITSAMP  are 
written  to  data  file  NEWCO.TXT  for  later  access  by 
subroutine  CHNGCO.THS,  which  reads  the  coefficients  and 
inserts  them  into  the  source  code  for  the  generic  filter 
(3DFILT.THS) . 

This  subroutine  also  stores  the  high-precision  and 
quantized  coefficients  in  a  data  file  PAIR.PRT  which  also 
contains  the  filter  sections  from  subroutine  PAIR.THS.  This 
data  file  may  be  printed  to  obtain  a  hardcopy  listing  of 
the  coefficients  and  filter  sections. 


— 5  . 6 _ Scaling  and  Ordering 

This  level  is  responsible  for  scaling  the  coefficients 
of  the  compensator  so  as  to  minimize  the  probability  of 
overflow.  The  current  version  of  DICES  addresses  this  by 
only  checking  for  coefficients  that  exceed  a  value  of 
+.9999694  so  that  when  quantized,  they  do  not  cause  integer 
values  greater  than  +  32767.  When  this  occurs,  the  user 
must  factor  a  portion  of  the  gain  out  of  the  filter  and 


implement  it  in  the  analog  computer  system.  Consult 
reference  13  for  an  excellent  treatment  of  scaling  and 
ordering . 

Level  5.7  Simple  Period  Selection 

This  module  allows  the  user  to  select  the  sample- 
period  desired  or  have  DICES  extract  the  sample-period  used 
during  the  design  phase  from  the  ICECAP  MEMORY.DAT  data 
file.  The  default  value  will  be  the  value  contained  in  the 
data  file,  as  this  is  the  normal  design  situation. 

Level _ LtJ _ Genera.ts _ TM  S3  2  010  Code 

This  module  generates  TMS32010  object  code  from  the 
source  file  3DFILT.THS.  This  object  code  is  the  final 
digital  filter  code  that  is  ready  to  be  loaded  into  the 
microprocessor. 

The  TMS32010  Cross  Assembler  is  resident  on  the  VAX 
VMS  system.  To  call  this  assembler  from  DICES,  the  user 
library  command  SPAWN  is  used.  After  completion  of  the 
assembly  process,  the  VMS  system  returns  the  user  to  DICES. 

This  function  is  performed  in  the  main  module 
DICES. THS  as  a  simple  call  to  the  assembler  using  SPAWN. 
The  assembler  then  requests  a  filename  which  contains  the 
source  code  to  be  assembled.  The  file  3DFILT.THS  contains 
the  source  code  for  the  digital  controller  designed  via 


DICES. 


Plant  Mode  1 1  int 

The  plant  modelling  module  involves  wiring  the  analog 
computer  system  to  produce  the  model  of  the  plant  and 
directs  the  connection  of  the  plant  into  the  closed-loop 
control  system. 

This  module  consists  of  the  following  levels: 

3.2  Patch-Up  Equations 

3.4  Connect  System 

ke.Y.ej  3.t?  P.*  t.fi  ft- ftp  SflBMtjfllH 

When  option  3  of  the  main  menu  is  selected, 
instructions  are  given  to  wire  the  plant  model  using  the 
analog  computer  system.  This  module  simply  gives  some 
suggestions  and  references  to  assist  the  user  in 
'patching-up*  the  equations. 

k£.ZAl — LiJ — Connec  t  Sts  tern 

This  module  gives  information  on  the  connection  of  the 
equipment  that  makes  up  DICES.  The  assistance  is  given  for 
each  of  the  major  items  in  the  system.  The  DICES'  Users 


M anna  1  should  be  consulted  during  the  system  configuration. 


the  VAX  VMS  system.  The  users  manual  should  be  consulted  to 
accomplish  this  minimum  system  configuration  to  perform  the 
remaining  steps.  An  outline  of  the  remaining  steps 
follows: 


1.  IEEE  Interfaces 

A.  IEEE  Bus  Extender 

B.  Test  Equipment 

2.  B/K  2032  System  Analyzer 

3.  Vavetek  172B  Programmable  Signal  Generator 

4.  TNS32010  EVM  Analog  Input/Output 


Each  of  these  steps  will  be  displayed  as  a  full  page 
help  display  on  the  VT100.  The  user  will  also  have  the 
option  of  exiting  the  HELP  process  at  any  point  and  return 
to  the  main  menu. 


System  Configuration 

This  module  configures  the  various  system  components. 
It  initializes  equipment  items  that  require  start-up 
commands  and  also  loads  TMS32010  object  code  into  the 
TNS32010 . 

The  System  Configuration  Nodule  consists  of  the 


following  levels: 


4.1 


Access  CAD  Package 


5.9  Load  TMS32010  Object  Code 

Level  4.1  Access  CAD  Package 

This  module  permits  the  user  to  access  the  ICECAP 
design  CAD  package  on  the  VAX  VMS  system.  This  is 
accomplished  by  use  of  the  SPAWN  command  from  the  VAX  VMS 
user's  library.  This  command  allows  exiting  DICES  to  the 
ICECAP  program.  When  ICECAP  is  exited,  instead  of  returning 
to  the  VMS  operating  system,  the  user  is  returned  to  the 
DICES  main  menu. 


Level _ 5.9  Load  TMS3201Q  Object  Code. 

This  module  permits  the  user  to  load  TMS32010  object 
code  from  the  assembly  process  into  the  TMS32010 
microprocessor  for  execution. 

When  this  option  is  selected,  the  user  is  returned  to 
the  VMS  operating  system.  From  VMS,  the  user  must  enter  the 
'non-transparent  mode’  of  the  EVM  by  sending  the  control 
character  reserved  for  that  purpose.  This  puts  the  user  in 
contact  with  the  EVM  monitor  program.  Using  the  'Load 
Program  Memory’  command,  the  EVM  is  readied  for  accepting 
object  code  from  the  VAX  VMS  system.  The  user  then  toggles 
the  system  back  to  communicate  with  the  VAX  and  the  object 
code  is  then  dumped  to  the  EVM.  The  details  of  this  step 
are  contained  in  the  DICES  Users'  Manual  (Appendix  A)  and 


should  be  consulted  to  perform  this  step  of  the 


implementation  process. 

Upon  completion  of  the  loading  process,  the  user 
is  in  communication  with  the  EVM  monitor.  The  user  toggles 
out  of  this  mode  and  when  in  contact  with  VMS,  issues  the 
command  to  execute  DICES  again. 


P.etifl  rata s. c  JLti JLmLi&a 

This  module  contains  the  routines  required  to  program, 
start,  and  collect  the  resulting  test  data  from  the 
instruments.  The  commands  to  perform  the  test  sequence  are 
generated  based  upon  test  parameters  that  have  been 
specified  by  the  user. 

This  module  consists  of  the  following  levels: 


6.2  Generate  Command  String 

6.3  Send  Command  String 

6.4  Start  Test  Sequence 


A  general  flowchart  of  the  test  sequence  is  also 


included  to  clarify  the  entire  test  execution  phase. 
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DISPLAY 

RESULTS 
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Level  6.2  Generate  Command  String 

After  the  tests  to  be  performed  have  been  determined, 
it  is  necessary  to  generate  the  command  strings  necessary 
to  program  the  test  instruments  that  will  perform  the 
tests.  As  discussed  in  Chapter  III,  the  command  strings 
consist  of  ASCII  character  strings  that  are  sent  to  each 
instrument.  Each  instrument  has  its  own  manufacturer-unique 
response  to  a  particular  character  string. 

In  DICES,  there  are  two  test  types  that  can  be 
performed  -  Step  Response  and  Frequency  Response.  Each  has 
a  certain  set  of  functions  required  from  the  Wavetek  172B 
and  B/E  2032.  Each  test  type  will  be  addressed  and  the 
command  string  development  for  each  will  be  discussed. 
Chapter  III  for  complete  details  of  the  command  structure 
for  both  instruments. 

Step  Response  Test.  The  Step  Response  Test  requires 
the  use  of  both  the  Wavetek  172B  and  B/K  2032  System 
Analyzer.  The  172B  generates  the  step  input  signal  to  the 
closed-loop  system  and  the  B/E  2032  functions  as  a  storage 
oscilloscope  to  record  the  system  response  versus  time. 

Wavetek  172B .  The  Wavetek  172B  must  be 
programmed  to  output  a  pulse  that  has  the  amplitude  and 
duration  requested  by  the  user.  The  amplitude.  A,  is 
obtained  directly  from  the  user  as  a  response  to  a  prompt 
which  requests  the  step  amplitude.  The  user  next  inputs  the 
approximate  settling  time,  Tg,  of  the  system  and  this  value 
is  used  to  enter  a  wait-loop  before  the  amplitude  is  set  to 
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AD-A163  966  DEVELOPMENT  OF  A  DIGITAL  INTERACTIVE  CONTROLLER 

EVALUATION  SVSTEM  (DICESXU)  AIR  FORCE  INST  OF  TECH 
HRIOHT -PATTERSON  AFB  OH  SCHOOL  OF  ENQINEERINQ 
UNCLASSIFIED  S  B  ECKERT  DEC  85  AFIT/GE^EN0^85D-i2  F/O  9/S 


3/S 


MICROCOPY  RESOLUTION  TEST  CHART 

•  diiq<  «i  i  o»  c  1  *N[)A9DS  1963  A 


zero  volts.  The  coisisd  string  most  cense  the  172B  to 
ontpnt  e  voltage  of  A  volts  for  T(  seconds. 

The  Offset  DC  node  is  used  to  obtain  a  DC  output  which 
is  switched  on  when  the  proper  command  is  received.  Since 
the  command  string  must  consist  of  ASCII  characters,  a 
subroutine  is  used  to  convert  the  numeric  data  to  character 
data . 

The  final  command  string  appears  as  follows: 

*D1 . 25B0C4P0I ' 

where  the  1.25  represents  the  amplitude  of  1.25  volts  as  a 
character  string  *1.25'. 

B / K  2032.  The  B/K  must  be  programmed  to  the 
Time  Function  mode  for  the  step  response  test.  Parameters 
such  as  Frequency  Span  (which  sets  the  sweep  time)  and 
vertical  sensitivitv  must  be  set.  There  are  several  less 


ED  FU.l 


==>  ' Ed i t_D isplay_FUnc t ion,  1* 

To  set  the  Frequency  Spun  correctly,  a  look-up  table 
is  used  to  convert  frost  Tg  to  Frequency.  For  exaaple,  a  T# 
of  17  seconds  is  converted  to  a  character  string  of  'SO', 
which  is  put  into  the  coaaand  string. 

'EM  FS,50'  ==  >  ' Ed i t_Me asureaent_Frequency_Span, 50 ' 

The  vertical  sensitivity  is  set  by  sending  the 
aaplitude.  A,  plus  an  additional  .5  volts  to  allow  for 
overshoot.  This  value  is  not  critical,  as  the  AUTOSCALE 
function  is  used  at  the  conclusion  of  the  test  to  optimize 
the  display.  The  coaaand  string  is  as  follows: 

'ED  TF ,1.75'  =»>  ' Edi t_D i sp 1 ay_Y_Ful 1 s c a 1 e ,1.75' 

where  the  1.75  represents  1.75  volts  full-scale. 

Additional  Paraaeters.  There  are  stay  other 
paraaeters  that  aust  be  set  to  perfora  the  step  test,  but 
only  a  list  is  given  here.  The  source  code  should  be 
consulted  for  the  details  of  each  coaaand. 

-  Full  Display  Mode 

-  Cursor  Mode  Set 
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tor  OFF 


-  External  Triggering 

-  Positive  Slop  Trigger 

-  Single  RECORD  Mode 


Frequency  Response  Test.  The  Frequency  Response  Test 
requires  the  nse  of  only  the  B/K  2032  System  Analyser.  This 
instrument  generates  the  required  stiaulus  and  also 
perforas  the  data  analysis  to  obtain  the  frequency 
response. 


B/E  2032.  The  B/E  aust  be  prograaaed  to  a  pre¬ 
defined  function  (Frequency  Response)  available  on  the  B/E. 
This  function  deteraines  aagnitude  and  phase  response  of  a 
system  and  displays  the  results.  The  sain  parameter  to  be 
prograaaed  is  the  Frequency  Span.  This  paraaeter  deteraines 
the  msximua  frequency  displayed  on  the  x-axis.  It  is 
determined  by  the  user's  response  to  the  prompt  asking  for 
the  approximate  closed-loop  bandvidth. 

The  approximate  bandvidth  ,  is  converted  to  Hertz 
by 


f 


b  " 


2  JT 


(46) 


This  frequency  is  converted  to  a  character  string  and 


formed  into  the  following  command: 


EM  PS.xzzz' 


=  =  >  ’ Ed  i  t _M  e  a  s  u r  e  men t_Fr  e  quenc y_Sp an,  zz 


Level  6.3  Send  Coaaand  St_rinx 

After  the  coaaand  strings  Lave  been  foraed,  they  anst 
be  sent  to  the  proper  instrnaent  for  execution.  Using  the 
high-level  IEEE-488  interface  software  allows  this  to  be 
done  very  easily.  The  snbroutine  IBUPU  is  described  in 
Chapter  3  in  detail.  The  interface  to  this  snbroutine  is 
further  siaplified  by  using  it  in  a  subroutine  which  calls 
IBUPU.  The  new  subroutine  is  called  VKITEMSG  and  the  fornat 
is  as  follows: 

CALL  VRITEMSG(device  #,  coaaand  string,  error  code) 


where 

device  #  is  the  device  nuaber  of  the  instrnaent 
coaaand  string  is  the  character  data  to  be  sent 
error  code  is  a  returned  integer  indicating  error  type 


VRITEMSG  siaply  counts  the  characters  in  the  string 
and  adds  a  coaaand  terainator  character  <LF>  to  the  string. 
The  string  length  is  then  increnented  by  one.  This  data  and 
the  device  nuaber  is  passed  to  the  interface  driver  using 
the  IBUPU  calling  sequence  as  described  in  Chapter  III. 


Example : 

The  following  string  is  to  be  sent  to  the  B/K  2032 

'SR  1'  ==  >  Performs  a  System  Reset  (Type  1) 

The  calling  sequence  would  be  as  follows 

CALL  VRITEMSG(2 ,  'SR  l'.ISTAT) 

where 

2  is  the  B/K  device  number 
*  SR  1*  is  the  command  string 

ISTAT  is  the  integer  variable  to  receive  the  returned 
error  code  (1  if  command  was  seat  ok) 

Level  6.4  Start  Test  Seauence 

The  actual  initiation  of  the  test  sequence  is  slightly 
different  for  the  Step  and  Frequency  Response  tests, 
however,  these  difference  are  transparent  to  the  user.  Each 
will  be  described  in  this  section. 

The  Step  test  begins  when  the  user  presses  the 
'START*  button  to  ready  the  B/K  for  triggering  and  to 
indicate  to  the  VAX  that  the  lavetek  172B  output  should  be 
turned  on.  The  actual  test  cycle  is  started  when  the 
Vavetek  sends  the  step  pulse  to  the  s y s t e m- unde r- t e s t . 
Since  this  signal  is  also  connected  to  the  B/K  2032 
External  Trigger  input,  the  B/K  initiates  a  single 


meat  cycle  when  the  pulse  is  received 


The  Frequency  test  is  initieted  when  the  user  presses 
the  'START'  key.  This  actually  starts  the  eeassreaest  cycle 
since  the  B/K  was  pnt  into  a  node  to  begin  aeasnresents 


npon  receipt  of  this  key  closure. 


&RBMAAX 

This  chapter  has  taken  each  of  the  levels  of  DICES  and 
iapleaented  thea  as  a  software  routine  or  shown  that  the 
process  is  iapleaented  by  the  nser  daring  the  course  of 
events  in  solving  the  'control  problem'.  Flowcharts  have 
been  used  where  necessary  to  aiaplify  understanding.  The 
final  product  of  this  chapter  is  a  code  which  iapleaents 
the  design  froa  Chapter  III  and  perforas  a  subset  of  the 
top-level  systea  requirements  derived  for  DICES  in  Chapter 


inis  cnapt 


hardware  systeas  in  a  general  sense,  then  testing  of  DICBS, 
in  particular,  is  discussed  in  detail.  DICES  testing 


of  high-risk.  Systea  testing  is 
of  DICES  in  the  fora  of  a  control 


sianlation  with  perforaance  tests  being  done  by  the  systea 
analyzer . 


According  to  Nyers(43),  software  testing  is  the 
process  of  executing  a  prograa  with  the  intent  of  finding 
errors.  Errors  are  present  under  two  c ircuastances:  (1)  if 


the  prograa  does  not  do  ^ 


if  it  does  do  what  it  is 


what  it  is 


and  (2) 


productive  when  enphasis  is  placed  on  finding  errors  rather 


The  two  basic  test  strategies  generally  used  are  Top- 


Down  and  Bottoa-Dp  testing. 

Top-Down  Testing 

Top-down  testing  tests  the  high-level  nodales  first, 
using  test  stabs  to  sianlate  the  lower  level  nodules.  The 
stabs  are  'duaay  nodules'  that  replace  actual  code  and 
appear  to  the  higher-level  nodules  to  be  actual  code,  but 
are  just  routines  to  pass  data  in  and  ont  of  the  nodule. 

The  prinary  advantages  of  top-down  testing  are: 

1.  The  user  can  see  an  early  version  of  the  systen 
operation  and  deternine  if  the  end  systen  will  neet 
requirements . 

2.  Serious  design  flaws  and  interface 
incompatibilities  are  surfaced  early  in  the  testing. 

3.  Requirenents  for  nachine  test  tine  are  more 
evenly  spread  out  over  the  testing  cycle. 

Ttttiftl 

Botton-up  testing  tests  the  lower-level  modules  first, 
and  works  up  to  the  next  higher-level  nodules  after 
confidence  is  gained  with  the  low-level  code.  These  low- 
level  nodules  are  integrated  into  a  larger  nodule  until  the 
entire  systen  is  complete.  Bottoa-up  testing  requires  test 
drivers  to  simulate  the  operation  of  the  next  higher  level 
module . 

The  prinary  advantages  of  bottom-up  testing  sre: 


1.  Frequently  the  only  way  to  test  a  module  with  no 


subordinates 

2.  Allows  early  test  of  high-risk  modules 

In  practice)  a  combination  of  both  methods  is 
generally  used. 


General  Test  Plan 

The  testing  on  DICES  will  be  accomplished  using  both 
top-down  and  bottom  up  testing.  However,  bottom-up  testing 
will  be  emphasized  because  of  the  desire  to  obtain  early 
insight  into  the  high  risk  modules. 

The  high  risk  modules  are  essentially  the  modules  used 
in  the  pole/zero  pairing  algorithm  (PAIR.THS),  the  module 
that  reads  the  controller  parameters  (RDHTF.THS),  and  the 
module  that  changes  the  coefficients  in  the  source  program 
(CHGCO.THS).  These  modules  will  be  coded  and  tested 
individually.  They  will  then  be  integrated  into  a  larger 
module  to  form  the  bulk  of  the  Filter  Implementation 
Module . 

All  other  modules  are  considered  medium  risk  and  will 
be  coded  after  the  overall  program  structure  is  coded. 

The  hardware  testing  will  consist  of  verification  that 
the  Evaluation  Module  (containing  the  TMS32010)  functions 
properly  and  that  the  input  and  output  analog  filters  on 
the  board  do  not  cause  detrimental  phase  shift.  Various 


interface  tests  will  be  conducted  between  the  VAX.  EVM.  1 i/i 
Analyzer,  and  analog  computer. 


Software  Test  Plan 

This  section  describes  the  software  tests  that  will 
be  performed  on  the  three  aain  modules. 


Module :  PA1S.THS 

Function:  Pair  poles  and  zeros  into  second  order 

sections  for  later  implementation 

Test  Input:  12  combinations  of  poles  and  zeros  which 
will  test  various  paths  through  the  pairing  algorithm. 


Module:  RDHTF.THS 

Function:  Read  the  variable  HTF  from  the  ICECAP  data 
file  MEMORT.DAT. 

Test  Input:  HTF  function  contained  within  the 
MEMORY.DAT  data  f  ile  . 

Module:  CHOCO.THS 

Function:  Enter  the  integer  coefficients  into  the 
TMS32010  source  file  which  will  assembled  into  the 
controller  object  code. 

Test  Input:  File  of  test  coefficients  and  the  generic 
controller  source  program  3DFILT.THS. 
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Hardware  Test  Pisa 


Item:  Evaluation  Module 
Fnnct ion : 

1.  Interface  to  VAX  computer  system 

2.  TMS32010  microprocessor  functions  as  digital 
control ler 

3.  Ana  1 og- to-Dig i t a  1  and  D ig  i  t a  1- 1 o-An a log  converters 
test  inputs:  DC  voltages  that  cover  the  range  of  the 
A/D  and  D/A  converters  (+  10  volts). 


System  Test  Plan 

This  section  will  present  a  simple  design  problem  and 
its  implementation  using  DICES  as  a  system  test  of  DICES 
will  be  presented  later  in  this  chapter.  It  is  somewhat  of 
a  'textbook'  problem,  but  it  is  representative  of  a  typical 
class  of  problems  that  can  be  modelled  using  linear,  time- 
invariant  system  equations.  The  basic  problem  is  taken  from 
Phillips  and  Nagel  (13:239-242),  however,  the  motor 
inductance  has  not  been  neglected  at  in  the  reference. 


iLAtgatat 


It  is  desired  to  design  and  implement  a  digital 
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controller  for  a  servo-system  (positioning  system)  for  an 
antenna  tracking  system.  In  this  system,  an  electric  motor 
is  nsed  to  rotate  a  radar  antenna  which  automatically 
tracks  an  aircraft.  The  error  signal,  which  is  proportional 
to  the  difference  between  the  antenna  and  the  1 ine-of-a ight 
to  the  aircraft,  is  amplified  and  drives  the  motor  in  the 
appropriate  direction  so  as  to  reduce  the  error  (see  fig 
44).  The  motor  used  is  a  DC  motor  with  armature  control  and 
a  constant  field  current. 


Figure  44.  Servo  Control  System 


It  was  discovered  that  the  A/D  and  D/A  board  (referred 


to  as  the  AIB)  contained  50  -  4700  Hz  band-pass  filters  on 
the  input  and  the  output  of  the  board.  There  was  also  no 
Samp le-and-Ho Id  (S/H)  circuit  on  the  input.  The  input 
filter  was  used  for  anti-aliasing  and  the  output  filter  was 
used  for  smoothing  of  the  output  signal.  Both  filters  were 
sixth-order  bi-quad  Butterworth  filters  with  a  50  Hz.  high- 
pass  filter  preceding  each  one.  These  filters  presented  a 
problem  for  using  the  AIB  as  part  of  a  digital  controller 
for  several  reasons. 

First,  without  DC  coupling,  the  controller  can  not 
pass  the  very  low  frequency  signals  that  exist  as  the 
controlled  variable  approaches  steady  state.  This 
controlled  variable  is  returned  to  the  summer  to  generate 
an  error  signal.  It  is  this  error  signal  that  contains 
frequencies  from  DC  up  to  the  highest  frequency  passed  by 
the  plant. 

Secondly,  the  Butterworth  filters  have  a  large  phase 


variation  with  frequency.  Since  phase  is  an  integral  part 
of  the  overall  control  problea,  it  is  not  desired  to  have 
this  sixth-order  transfer  function  preceding  the  plant. 


The  absence  of  a  Samp le- and-Ho Id  circnit  on  the  input 
effectively  allowed  an  aperture  time  equal  to  approximately 
the  conversion  time  of  the  A/D  converter.  For  the  Analog 
Devices  ADC80  Successive  Approximation  A/D  Converter,  this 
was  25  microseconds  (34).  Using  this  time  as  the 
approximate  total  aperture  time  (neglecting  several  other 
small  delays),  it  can  be  shown  (6:275)  that  the  maximum 
frequency  which  can  be  sampled  at  rated  accuracy  is 


f 


max 


1 

(2«)nta 


(47) 


where  q  =  number  of  bits 

ta  =  aperture  time  of  A/D  convertor 

f  .  =  maximum  frequency  that  can  be  accurately 

"aX  sampled 


which  yields  fmax  *  3.108  Hz. 

This  is  not  sufficient  for  digital  controller 
applications  so  it  was  decided  to  add  a  S/H  circuit  and 
unity  gain  0-16  kHz  amplifiers  to  act  as  buf f e r / iso  1  a t ion 
devices  for  the  A/D  and  D/A  integrated  circuits.  It  was 
also  decided  that  a  S/H  was  not  required  on  the  output  of 


modifications  to  the  filters  were  to  install  unity  gain,  16 
kHz  cot-off  filters  which  allowed  DC  conpling  of  the  inpot 
and  ootpot  circuits.  These  unity  gain  amplifiers  also 
provided  isolation  for  the  A/D  and  D/A  integrated  circuits. 

The  A1B  contained  3  operational  amplifiers  for  each 
filter  section.  The  filter  characteristics  are  determined 
by  a  removable  header  plug  in  which  the  components  are 
mounted.  The  50  Hz  high-pass  filter  was  simply  an  RC 
network  at  the  input  to  the  Butterworth  filters.  The  header 
plug  was  modified  to  remove  one  of  the  op-amps  from  each  of 
the  filters.  Matched  resistor  pairs  were  then  mounted  to 
form  a  standard  single  pole  low-pass  filter  for  each 
remaining  op-amp.  This  yielded  a  double-pole,  low-pass 
filter  for  the  input  and  the  output  of  the  AIB.  The 
frequency  for  these  filters  was  chosen  to  be  approximately 
16  kHz  because  of  the  maximum  sampling  rate  of  the  AIB  of 
40  kHz.  This  implied  a  maximum  input  frequency  of  about  20 
kHz.  The  use  of  standard  components  produced  a  cut-off 
frequency  of  about  16  kHz.  Appendix  F  describes  shows  the 
AIB  board  as  modified  for  this  thesis  investigation. 


.  Since  the  input  to  the  A/D  converter 


contained  no  S/H  circuit,  it  was  decided  to  insert  one  at 
the  output  of  the  unity-gain  amplifiers. 

The  output  of  the  new  low-pass  filter  is  routed  to  the 
S/H  device.  This  device  requires  a  signal  to  put  it  into 
the  'hold'  mode.  This  signal  is  provided  from  the  A/D 
converter  by  the  STATUS  pin.  This  pin  goes  'high*  when  the 
converter  begins  a  conversion  cycle.  Vhen  the  conversion  is 
complete,  the  STATUS  line  goes  low.  This  puts  the  S/H  into 
the  'sample'  mode  which  allows  it  to  track  the  input  signal 
in  preparation  for  another  HOLD  operation. 

The  S/H  was  configured  to  function  as  a  unity-gain  S/H 
device  with  an  internal  hold  capacitor  of  1000  pf.  This 
capacitor  determines  the  amount  of  output  voltage  'droop' 
during  the  hold  period.  This  droop  is  not  a  problem  for  a 
S/H  used  with  a  fast  A/D  converter.  This  is  because  the 
voltage  droop  is  critical  only  during  the  actual  conversion 
time  of  the  A/D  converter,  which  is  25  microseconds  for  the 
ADC80 . 

The  voltage  of  the  S/H  must  stay  within  1/2  LSB 
(.00244  volts  for  the  AIB)  during  the  conversion  period. 
This  implies  an  output  voltage  relation  of 

dv 

-  <  97.65  v/s  (48) 

dt 

The  dv/dt  of  the  ADC80  is  Iv/s  (34),  which  is  nearly 


two  orders  of  magnitude  better  than  the  requirements  for 
this  application.  Appendix  P  shows  the  the  configuration  of 
the  input  circuit  on  the  AIB. 


Sxii&a  .imlu  all* 

This  section  presents  the  general  procedures  used  to 
solve  a  control  problem  using  DICES.  Since  the  details  of 
this  procedure  are  described  in  Appendix  A.  DICES  Users 
Manual,  minor  operational  details  are  omitted  for  clarity. 
This  example  serves  as  the  final  integrated  system  test  of 
DICES. 


Teat  Procednre  and  Results.  Note  that  in  the  following 
procedures,  computer  system  responses  are  typed  in  DPPER 
CASE  and  user  input  is  typed  in  lower  case.  The  only 
exception  to  this  is  when  a  control  character  is  typed  by 
the  user.  For  example  ,  'control  T’  is  shown  as  ~T  . 

System  Connection.  The  EVM  must  be  connected  as 
detailed  in  the  DICES’  Users  Manual.  The  EVM  must  be 
connected  to  a  VT-100  terminal  from  the  rear  connector 
labelled  TERM.  The  EVM  must  also  be  connected  to  the  VAX 
system  at  the  connector  labelled  VAX.  Consult  the 
laboratory  engineer  or  VAX  system  manager  for  assistance  if 
required.  This  is  the  minimum  system  configuration  to  sign 
on  to  the  VAX  system. 


The  first  command  given  is  to  toggle  the  EVN  into  the 
TRANSPARENCY  MODE.  This  allows  access  to  the  VAX  VMS 


system. 


DICES  presents  the  opening  menu: 


DIGITAL  INTERACTIVE  CONTROLLER 
EVALUATION  SYSTEM  (DICES) 


OPTIONS: 


1.  SYSTEM  PERFORMANCE  SPECS 

2.  MATHEMATICAL  MODEL  DEVELOPMENT 

3.  PLANT  SIMULATION 

4.  CONTROLLER  DESIGN 

3.  IMPLEMENT  CONTROLLER 

6.  CLOSED-LOOP  PERFORMANCE  TESTING 

7.  REPORT  GENERATION 

8.  END  PROGRAM 


Step  1.  DETERMINE  SYSTEM  PERFORMANCE  SPECIFICATIONS 

Selecting  option  1.  the  user  is  directed  to  determine 
the  system  performance  specifications  of  the  system  nnder 
study.  This  step  is  performed  by  the  nser  prior  to  using 
DICES.  The  user/designer  analyses  the  requirements  of  the 
system  and  quantifies  them  using  standard  control  system 
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figures  of  merit. 


For  this  example,  the  system  performance  requirements 
are  as  follows  (for  a  unit  step  input): 

<  20%  peak  overshoot  (Mp) 

<  7.5  seconds  peak  time  (t^) 

<  15  seconds  settling  time  (ts) 

The  main  menu  is  again  presented  to  the  user. 


Step  2.  DEVELOP  PLANT  MODEL 

Optica  2  is  selected  which  directs  the  user  to  develop 
the  mathematical  model  of  the  plant  to  be  controlled.  This 
step  is  performed  external  to  DICES.  The  mathematical  model 
for  the  plant  (in  this  case  the  amplifier  and  motor)  is 
developed  and  used  as  the  basis  for  the  design  of  the 
controller. 

The  servomotor  model  is  shown  in  figure  45.  It  is  now 
necessary  to  determine  the  transfer  function  of  the  motor 


mode  1 . 


where 

6 

i  s 

the 

motor  shaft  output  position 

E 

i  s 

the 

input  command  signal 

B 

is 

the 

viscous  damping  of  the  motor 

J 

i  s 

the 

motor  inertia 

Ba 

is 

the 

armatnre  resistance 

L. 

is 

the 

armature  inductance 

kt 

is 

a  motor  constant 

i  s 

a  motor  constant 

i  |V 


order  transfer  function.  Had  the  ariatsre  inductance  ,  La 
been  neglected  (as  is  often  done),  the  plant  model  would 
have  been  second-order. 

After  inserting  typical  values  for  the  various 
parameters,  the  plant  transfer  function  is  obtained. 


Gp(.) 


s(s  +  1) ( s  +  2 ) 


Step  3.  SIMULATE  PLANT  MODEL 

The  transfer  function  for  the  plant  may  be  simulated 
on  an  analog  computer  as  described  in  Appendix  A  (see 
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f igure  46 )  . 


After  wiring  the  above  plant  model  and  closing  the 
feedback  loop,  it  can  be  seen  that  the  actual  simulation 
results  closely  follow  that  of  the  uncompensated 
theoretical  results  (see  figures  47  and  48). 


performed  that  examined  the  effects  of  inserting  a  ZOH  and 
sampler  into  the  forward  loop  of  the  control  system.  The 
saaple-period  was  varied  to  see  the  effects  of  lengthening 
this  parameter.  Complete  details  of  this  test  are  given  in 
Appendix  A  as  part  of  the  example  problem. 


The  step  response  for  the  various  sample  rates  are 


t: 


P 


given  below  : 


Ts 

fcP 

ls 

MP 

Comme  n  t  s 

.05 

4.0 

16 

1.4 

Bas ic  System 

.05 

3 . 8 

17 

1.4 

Sample/Hold  Only 

.26 

3.9 

20 

1.45 

Sample/Hold  Only 

.65 

4.3 

>20 

1 . 5 

Sample/Hold  Only 

1 .31 

5.35 

>50 

1.8 

Sample/Hold  Only 

Table  18.  Theoretical  Results 

i  iji 


Ts  tp  ts  Mp  Comments 


.05 

3 . 8 

17 

1.4 

Basic  System 

.05 

3 . 8 

17 

1.4 

Sample/Hold  Only 

.26 

3.9 

19 

1.45 

Sample/Hold  Only 

.65 

4.3 

>20 

1.5 

Sample/Hold  Only 

1.31 

5.35 

>50 

1.8 

Sample/Hold  Only 

(*•  Table  19.  Test  Results 


where 

Tg  is  Sample-Period  in  seconds 
tp  is  peak  time  in  seconds 
t$  is  settling  time  in  seconds 
M_  is  peak  value  in  volts 


It  can  be  seen  that  there  is  little  effect  from  a 
sample  period  of  .05  seconds  or  .26  seconds.  However,  when 
the  sample-period  is  .65  or  1.31  seconds,  the  stability  of 
the  system  becomes  mnch  worse. 

Step  4.  CONTROLLER  DESIGN 

Option  4  from  the  main  DICES  menu  is  selected  which 
transfers  the  user  to  ICECAP.  From  here  the  controller  is 
designed  to  meet  the  system  performance  requirements.  The 
details  of  the  actual  controller  design  are  omitted  for 
brevity.  However,  the  plant  digitization  is  shown.  It  is 
also  noted  that  gain  alone  will  not  adequately  correct  the 
performance  problems.  A  frequency  response  method  of 
compensator  design  is  used  in  order  to  produce  a  phase 
margin  of  55  degrees. 

The  sample  period  is  taken  to  as  .05  seconds,  which  is 
one-tenth  the  fastest  t i m e- c on s t an t  in  the  plant.  The  Z- 
transfer  function  of  the  plant  transfer  function  is  taken 
using  the  impulse  invariance  technique.  A  Zero-Order-Hold 
(ZOH)  is  correctly  assumed  to  be  present  at  the  output  of 
the  EVM  controller.  This  yields 
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8[Gp( s)  ] 


Z 


s*(s  +  1)(S  +  2) 


(51) 


.00004014 (Z  +  3 .595) (Z  +  .25) 


(52) 


Z [G  ( s )  ]  =  - - - - 

P  (Z  -  1)(Z  -  .9512) ( Z  -  .9048) 


The  loop  was  first  closed  with  only  a  sampler  and  ZOH 
to  determine  if  there  are  negative  effects  due  to  the 
s a mp 1 e- and- ho  1 d  process.  It  can  be  seen  from  the  last 
section  that  the  ZOH  alone  with  a  sample  period  of  .05 
seconds  had  no  negative  impact  on  the  system  response. 
Thus,  the  .05  second  s a mp 1 e -p e r i o d  is  a  very  conservative 
select  ion . 

Now,  using  the  plant  Z-transfer  function  as  the  basis 
for  the  compensator  design  yields  the  following: 


Gc(s) 


. 3974 (Z  -  .995) 
(Z  -  .998) 


(53) 


Forming  the  closed-loop  system  using  ICECAP  yields  the 
following  analytical  step-response  characteristics: 


Mp  =  1.2 
tp  =  7  seconds 
t$  -  14  seconds 
&ss(t)  =  1  radian 


TTT 


which  meet  the  requirements  originally  imposed  on  the 


system. 

Upon  completion  of  this  step,  the  user  enters  the 
ICECAP  command  STOP  which  exits  the  ICECAP  program  and 
saves  the  design  parameters  for  implementation. 

Step  5.  FILTER  IMPLEMENTATION 

The  user  is  presented  with  the  main  DICES  menu 
following  the  exiting  of  ICECAP.  The  user  selects  option  5 
which  is  the  Filter  Implementation  Menu. 


CONTROLLER  IMPLEMENTATION 


OPTION: 


1.  READ  DESIGN  PARAMETERS 

2.  RODND-OFF  OR  TRUNCATION 

3.  FORM  SECOND-ORDER  SECTIONS 

4.  GENERATE  OBJECT  CODE 

5.  DOWNLOAD  OBJECT  CODE 

6.  RETURN  TO  MAIN  MENU 


Each  of  the  steps  required  to  implement  the  controller  will 
now  be  presented. 

The  first  function  executed  is  to  read  the  design 


source  code.  The  response  list  be  3DFILT.THS.  After  this 
entry,  the  nser  simply  hits  the  RETURN  key  to  enter  the 
remaining  default  file  names.  Upon  completion  of  the 
assembly  process,  the  user  is  returned  to  the 
Implementation  menu.  The  file  3DFILT.MP0  contains  the 
object  code  in  TNS9900  format  which  permits  loading  by  the 
Evaluation  Module. 

Option  5  is  now  selected  to  load  the  object  code  into 
the  Evaluation  Module  for  later  execution  by  the  TMS32010. 


Step  6.  PERFORMANCE  EVALUATION 

To  evaluate  the  performance  of  the  digital  controller 
in  a  closed-loop  system,  option  6  is  executed. 

The  current  version  of  DICES  can  obtain  the  step 
response  and  frequency  response  of  the  closed-loop  system. 
Each  of  these  tests  will  be  discussed  in  the  following 
sect  ions . 


Step  Response.  From  the  Performance  Evaluation 
menu,  select  option  1  -  Step  Response  Test.  DICES  will 
prompt  for  AMPLITUDE  OF  the  STEP  INPUT.  Enter  a  carriage 
return  for  this  value,  since  DICES  defaults  to  a  1.0  volt 
input  step.  The  next  input  is  the  APPROXIMATE  SETTLING  TIME 


for  which  17  seconds  is  entered 


The  test  is  started  sad  after  the  test  is  complete, 
the  B/I  2032  is  placed  into  a  mode  that  allows  the  user  to 
move  the  cursor  along  the  step  response  to  determine  the 
system  peak  time,  settling  time,  peak  value,  etc.  The  value 
is  read  from  the  B/K  2032  screen  in  the  upper  right-hand 
corner  of  the  screen. 

With  the  compensator  in  the  closed-loop,  the 
analytical  step  response  is  shown  in  figure  51. 

The  figures  of  merit  are: 


t  =  7  seconds 
Mp  -  1.2  units 
ts  =  14  seconds 

The  actual  results  of  the  test  performed  during  this 
examp  1 e  are  shown  in  figure  52.  The  figures  of  merit  are 

tp  -  6.5  seconds 
Mp  *  1.2  units 
- 


11  seconds 


FI K I  RESPONSE 

0.62  0.94  1.25 


W/C  OMPENSA  T OR  t TSAMP 


.OS)  ZERO  -.90S. POLE-. 00° 


Figure  51  •  Compensated  Theoretical  Step  Response 


As  can  be  seen*  the  performance  with  an  actual  16-bit 
digital  filter  implementation  is  nearly  the  same  as  the 


theoretical  results  obtained  with  ICECAP. 

Freouencv  Response.  From  the  Performance 
Evaluation  menu*  select  option  2  —  FREQUENCY  RESPONSE  TEST. 
DICES  will  prompt  for  APPROXIMATE  BANDWIDTH  OF  CLOSED-LOOP 
SYSTEM.  Enter  10  for  this  value. 

Thetest  will  take  approximately  17  MINUTES  because  of 
the  low  bandwidth  of  the  system.  This  long  test  time  is  a 
consequence  of  the  B/K  method  of  performing  the  frequency 
response  test  of  a  system.  After  the  test  is  complete,  the 
B/E  2032  is  placed  into  a  mode  that  allows  the  user  to  move 
the  cursor  along  the  magnitude  and  phase  curves 
simultaneously.  The  magnitude  (in  dB)  and  the  phase  of  the 
plant  output  (in  degrees)  can  be  read  from  the  right-hand 
top  and  bottom  of  the  screen*  respectively. 


MAGNITUDE  (DEC 
-6Ci.no  -55.00  -10.00 


PHq'.f!  SHlf 


As  can  be  seen  from  the  frequency  response  data,  the 
band* idths  of  the  uncompensated  and  compensated  systems 
are  : 


m 

“b 

Mm 

Basic 

.9 

1.3 

1 .77 

Compensated 
(Ts  =  .05) 

.5 

.7 

1.15 

Table  20. 

Frequency 

Response 

Theoretical  Results 

% 

“b 

Mm 

Basic 

1.0 

1.2 

1.7 

Comp  ens  a  t  ed 
<TS  =  .05) 

.6 

.7 

1.25 

Table  21.  Frequency  Response  Test  Results 
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This  section  has  shown  how  a  typical  control  problem 
is  taken  from  beginning  to  end  using  DICES.  The  user  is 
free  to  change  filter  designs  (within  the  current 
limitations)  and  make  changes  to  the  plant  model  if  so 
desired.  Each  of  the  tests  can  be  executed  again  if  so 
desired. 
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Chapter  VI  - 


Conclusions  and  Recommendations 

Conclusions 

This  investigation.  Development  of  a  Digital 
Interactive  Controller  Evaluation  System  (DICES),  was 
carried  out  in  a  typical  hardware  or  software  system 
development  cycle.  The  requirements  were  analyzed  and 
specified  early  in  the  investigation.  These  requirements 
were  then  used  to  design  the  system.  Implementation  of  the 
design  took  place  in  chapter  IV  with  both  hardware  and 
software  contributing  to  the  final  system.  Testing  concepts 
and  results  were  addressed  after  the  final  system 
implementation  was  complete. 


This  investigation  resulted  in  the  establishment  of  an 
interactive  system  which  permits  implementation  of  a 
digital  controller  design  which  is  to  compensate  a  known 
plant.  The  controller  is  implemented  on  a  TNS32010  Digital 
Signal  Processor  whose  instruction  set  is  optimized  for  DSP 
applications.  The  user  simulates  the  plant  using  an  analog 
computer  and  then  connects  the  controller  into  the  system 
to  form  a  closed-loop  control  system.  Testing  in  the  form 
of  step  response  and  freqency/phase  response  is 
accomplished  using  test  equipment  programmed  via  the  IEEE- 
488  interface  bus  under  control  of  a  VAX  11/780.  The 


results  of  the  tests  are  available  graphically  on  the 
system  analyzer  and  can  be  retained  after  the  test  for 


farther  analysis. 

A  complete  example  problem  is  used  as  the  final 
system  test.  This  example  validates  the  performance  of 
DICES.  Analytical  resalts  are  obtained  and  ’favorably' 
compared  with  actual  resalts  asing  control  systems  CAD 
packages  sach  as  ICECAP  and  TOTAL. 

Recommendat ions_for  Farther  Investigation 

Recommendations  fall  generally  into  the  areas  of 
continued  DICES  software  and  hardware  development  and  other 
recommendat ions . 

So? 

1.  Development  of  a  remote  interrupt  capability  by  the 
VAX  11/780  of  the  TMS32010.  This  would  alleviate  the  need 
to  manually  RESET  the  TMS32010  to  stop  the  filter  program 
at  the  end  of  each  test.  A  modification  of  the  TMS32010 
code  to  allow  monitoring  of  an  interrupt  pin  is  a  possible 
approach  to  this  recommendation. 

2.  Development  of  a  more  general  scaling  routine  for  the 
generic  3D  (13)  digital  compensator  which  would  avoid  the 
current  restriction  of  filter  gains  of  less  than  one. 
Current  system  must  incorporate  additional  gain  into  the 


analog  computer. 


3.  Add  additional  filter  types  (ID,  2D,  etc)  to 

implementation  options  (6,13),  i.e.,  a  library  of  TMS32010 

programs  that  implement  various  filter  structures. 

4.  Development  of  higher-order  compensator  capability. 
The  current  limitation  is  an  eighth-order  over  eighth-order 
digital  compensator. 

5.  Implement  a  more  extensive  and  general  interface  with 
the  VAX  11/780  system  for  transferring  data  from  the  IEEE- 
488  instrumentation  to  the  VAX  system. 

ffAJilLUja 

1.  Development  of  an  input/outpnt  analog  multiplexer  to 
allow  the  use  of  DICES  in  a  Multiple-Input-Multiple-Output 
(MIMO)  control  system.  The  MIMO  problem  is  a  more  realistic 
class  of  problems. 

2.  Extend  the  interface  to  the  Simstar  d  i  g  i  t a  1 / ana  1 o g 
system. 

3.  Add  hardcopy  capability  to  the  B/K  2032  using  an  x-y 
plotter  or  the  VAX  laser  printer. 

Other  Recommendations 

It  is  further  recommended  that  the  development  of  a 


general-purpose  IEEE-488  controlled  test/data  acquisition 
station  be  developed  using  DICES  as  the  core.  The  current 


laboratory  inventory  of  IEEE-488  compatible  equipment 
includes: 

1)  B/K  2032  System  Analyzer 

2)  Tavetek  172B  Signal  Generator 

3)  Hewlett-Packard  1980B  100  MHz  Measurement  System 

4)  1-Y  Plotters 

Possible  additional  instruments  that  could  be  added  to 
the  system  include: 

1)  IEEE-488  compatible  Spectrum  Analyzer 

2)  IEEE-488  compatible  Digital  Voltmeter 

3)  IEEE-488  compatible  Frequency  Counter 

This  system  would  allow  all  current  DICES  capabilities 
plus  extended  bandwidth  frequency  response  measurements.  It 
would  serve  as  an  excellent  teaching/demonstration  tool  for 
classes  studying  topics  in  the  sreas  of  control  systems 
de s ign/ analys i s  and  communication  systems  (modulation  types 
and  frequency  stability).  It  could  also  serve  as  a 
general-purpose  data  acquisition  system  which  would  reduce 
the  time  required  to  c o n f  i  g u r e / r e c o n f i g u r e  a  data 
collection  system  for  each  new  laboratory  investigation. 
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DICES  USER'S  MANUAL 


1.0  INTRODUCTION 

This  appendix  first  presents  an  overview  of  the 
Digital  Interactive  Controller  Evalnation  System  (DICES). 
Second,  it  provides  an  introduction  to  all  the  DICES 
features.  Finally,  it  includes  examples  of  the  use  of  DICES 
to  implement  digital  controller  designs  and  test  their 
performance  in  a  closed-loop  system. 

2.0  WHO  SHOULD  USE  DICES? 

Since  DICES  draws  upon  all  aspects  of  control  system 
design  and  analysis,  a  potential  user  should  have  at  least 
a  first-course  in  control  system  analysis  and  design,  or 
the  equivalent  knowledge  or  experience. 

3.0  OVERVIEW  OF  DICES 

DICES  is  a  hardware  and  software  system  that  permits 
interactive  implementation  of  a  digital  controller  that  has 
been  designed  using  a  control  systems  Computer-Aided-De s ign 
package  called  ICECAP.  This  controller  can  then  be  inserted 
into  a  closed-loop  control  system  where  the  plant  is 
simulated  using  an  analog  computer.  Performance  tests  are 
then  conducted  to  determine  if  the  16-bit  implementation  of 
the  digital  controller  meets  the  performance  specifications 
set  for  the  closed-loop  system. The  current  version  of  DICES 
permits  implementation  of  up  to  an  eighth-order  digital 
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controller.  DICES  is  designed  to  allow  easy  implementation 
of  the  controller  design  that  evolves  from  a  design  session 
with  ICECAP.  DICES  assumes  some  knowledge  of  the  nse  of  the 
VAX  VMS  system  and  the  TR-4S  or  equivalent  analog  computer 
system.  Knowledge  in  the  nse  of  a  B/K  2032  System  Analyzer 
is  helpful  bnt  not  required  to  use  DICES. 

DICES  does  not  assist  the  user  in  the  design  of  a 
digital  controller  for  controlling  a  plant.  DICES  does, 
however,  allow  access  to  ICECAP,  which  gives  the  user 
freedom  to  design  a  suitable  controller  to  meet  the 
specifications  set  forth  for  the  plant  nnder  consideration. 
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4.0  SYSTEM  CONFIGURATION 

This  section  first  discusses  the  minimum  system 
necessary  to  communicate  with  DICES  followed  by  the  minimum 
system  necessary  to  implement  and  test  digital  controllers. 
It  then  takes  the  user  through  step-by-step  procedures  for 
connecting  the  required  components.  Figure  1  shows  the 
DICES  block  diagram. 
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4.1  HARDWARE  REQUIREMENTS 


*  1)  TMS32010  Unit 

*  2)  VT-100  Video  Terminal  or  equivalent 

3)  Brnel  and  Kjaer  (B/K)  2032  Signal  Analyzer 

4)  Electronic  Associates,  Inc.  (EAI)  TR-48  Analog 
Computer  or  equivalent 

*  5)  VAX  11/780  VMS  system 

6)  Wavetek  172B  Programmable  Signal  Source 


*  denotes  minimum  required  to  communicate  with  DICES 


4.2  MINIMUM  SYSTEM  TO  COMMUNICATE  WITH  DICES 

The  first  step  is  to  connect  a  VT-100  video  terminal 
to  the  TMS32010  Evaluation  Module  (EVM).  The  VT-100  is 
connected  to  the  rear  terminal  of  the  EVM  labelled  'TERM'. 
The  other  connector  on  the  rear  of  the  EVM  labelled  VAX 
goes  to  a  VAX  VMS  11  /780  remote  terminal  line  (see  figure 
2).  Upon  completion  of  these  connections,  power  is  applied 
and  the  RESET  switch  on  the  EVM  is  activated.  RETURN  is 
pressed  on  the  VT-100  terminal  to  get  the  EVM's 
'attention',  which  then  displays  the  EVM  system  prompt  of 
'7'  on  the  VT-100.  The  user  now  types  the  following  to 
initialize  the  EVM  system: 


4 


?  ion<cr> 

?  jail  <-£  £2 

INTERNAL 

?  6QBB<Cr> 

CNTRL  C 


...permits  ZON/ZOFF  protocol 
with  the  VAZ 


eit<cr>  ...uses  clock  external  to 

Analog  Board  in  EVM 


ZJLLZl  llfi.il 


...changes  'transparency 
mode '  toggle  to  ~T 
because  VAZ  VMS  uses  ~C 

Note:  ~T  =  'cntrl  t* 


Response  from  EVM  is  in  UPPER  case. 
User-supplied  data  is  lower-case  and  underlined 


These  settings  need  not  be  re-entered  unless  the  EVM 
RESET  is  asserted  twice  in  a  row  or  the  power  is  removed 
frost  the  EVM . 

After  the  above  initialization  of  the  EVM  is 
completed,  the  nser  'toggles'  the  system  to  coaannicate 
with  the  VAX  VMS  system.  From  VMS,  DICES  is  initiated  by 
the  following  sequence: 

7 Ctrl  t<cr >  ...Toggles  systea  to  VAX  VMS 

Welcome  to  the  AFIT/ENG  Information  Sciences  Laboratory 
(VAX/VMS  version  4.2) 

Last  interactive  login  on  Thursday,  10-0CT-1985  19:13 
10-OCT-1985  19:15 

Account:  t i<cr >  ...account  naae  which  contains 

DICES  programs 

Password:  ee664  ...Password 

*sq %  d p £  [ .dices]  ...VMS  subdirectory  which 

contains  DICES  programs 
(Note:  %  is  shown  as  VMS 
prompt  in  place  of  dollar 
sign) 

Wrnn  dices  ...execute  DICES  from  VMS 


DICES  responds  with  the  main  menu  as  folows: 


DIGITAL  INTERACTIVE  CONTROLLER  EVALUATION  SYSTEM 

(DICES) 

OPTION: 

1.  SYSTEM  PERFORMANCE  SPECS 

2.  MATHEMATICAL  MODEL  DEVELOPMENT 

3.  PLANT  SIMULATION 

4.  CONTROLLER  DESIGN 

5.  IMPLEMENT  CONTROLLER 

6.  CLOSED-LOOP  PERFORMANCE  TESTING 

7 .  REPORT  GENERATION 

8 .  END  PROGRAM 

The  user  is  now  free  to  select  any  of  the  options  that 
do  not  require  hardware  that  is  not  connected  to  the 
system.  All  options  except  option  6  and  the  part  of  option 
5  that  downloads  object  code  to  the  EVM  are  available. 

4.3  MINIMUM  SYSTEM  FOR  IMPLEMENTATION  AND  TEST  OF 
CONTROLLERS 

This  section  discusses  the  addition  of  the  TR-48 
Analog  Computer.  Wavetek  172B  Signal  Generator,  and  B/K 
2032  System  Analyzer  to  DICES  to  give  it  full  capability. 


4.3.1  EVM  ANALOG  CONNECTIONS 


The  EVM  unit  contains  (in  addition  to  the  TMS32010 
■  ic r op r o c e a  a o r )  a  D i g i t a  1 - t o - An  a  1  o g  (D/A)  and  Analog-to- 
Digital  (A/D)  converter  which  suit  be  connected  to  the 
analog  coapnter  systea  in  order  to  allow  the  filter  to  read 
the  systea  variables.  This  step  requires  soae  knowledge  of 
the  operation  of  an  analog  coapnter  in  order  to  deteraine 
the  location  of  the  plant  inpnt/ontpnt  and  the  inpnt/ontpnt 
of  the  snaaing  junction  (error  signal). 


4. 3. 1.1  CASCADE  CONTROLLER 

For  a  cascade  controller,  the  connector  on  the  front 
of  the  EVM  labelled  'INPUT'  is  connected  to  the  appropriate 
location  on  the  analog  coapnter.  In  sost  cases  this  will  be 
the  output  of  the  snaaing  junction.  The  connector  labelled 
'OUTPUT'  is  connected  to  the  appropriate  location  on  the 
analog  coapnter.  This  nomally  is  the  point  where  the 
output  of  the  snaaing  junction  would  have  gone  to  if  no 
controller  were  in  the  systea  (see  figure  3). 

4. 3. 1.2  FEEDBACK  CONTROLLER 

For  a  feedback  controller,  the  connector  labelled 
'INPUT'  is  connected  to  the  appropriate  location  on  the 
analog  coapnter.  In  aost  cases  this  will  be  the  output  of 
the  plant.  The  connector  labelled  'OUTPUT'  is  connected  to 
the  appropriate  location  on  the  analog  co.^mter.  This 


4.3.2  OTHER  EQUIPMENT 

This  section  discusses  the  connection  of  the  B/K  2032 
Systea  Analyzer,  TR-48  Analog  Computer  Systen,  and  Wavetek 
172B  Signal  Generator. 

The  B/K  2032  Systea  Analyser  is  nsed  to  aake  frequency 
and  tiae  response  aeasureaents  on  the  siaulated  closed-loop 
control  systea.  It  is  assuaed  that  the  user  has  wired  the 
analog  coaputer  to  siaulate  a  plant  and  has  an  input  and 
output  point  to  aake  the  following  connections  to  (See 
attachaent  1  for  ezaaple  problea). 

The  B/K  2032  has  four  interfaces  that  aust  be 
connected  by  the  user. 

1.  Channel  A  Input 

2.  Channel  B  Input 

3.  External  Trigger  Input 

4.  Signal  Generator  Output 

Vhen  each  of  these  connections  ire  aade,  all  the 
connections  for  the  other  instruaents  will  also  be  aade  in 
the  process.  The  connectors  on  the  B/E  are  located  below 
the  pull-out  drawer.  The  Waretek  OUTPUT  connector  is 
located  at  the  rear  of  the  instrument  (see  figure  S). 

Each  of  the  four  aain  B/K  connections  will  be 


addressed  individually  in  the  following  section. 


>  V 


connected  to  the  input  of  the  sunning  junction  of  the 
analog  conputer.  A  BNC  'Tee'  connector  should  be  used  on 
the  Channel  A  connector,  as  another  cable  nust  also  later 


S'i.S.S,  3  £il.£.XjU.X  Xx.il.  ££.£•  The  output  of  the  Vtvetek 
172B  is  connected  to  the  External  Trigger  Input  of  the  B/K 
2032  and  to  the  sensing  junction  of  the  analog  computer  in 
this  section  (see  figure  8).  The  Vavetek  172B  output 
connector  is  located  at  the  rear  of  the  instrument  and  is 
labelled  'SO  Ohms  Out*.  This  cable  ahould  be  connected  to 
the  B/K  2032  External  Trigger  Input  connector  using  a  BNC 
Tee  connector.  From  the  Tee  connector,  a  cable  is  connected 
to  the  summing  input  of  the  analog  computer. 

IMPOKTANT  NOTE 

A  SO  ohm  BNC  termination  must  be  connected  to  the  output  of 
the  Vavetek  172B  to  assure  accurate  voltage  output. 

Step  £  Signal  Generator  Output.  From  the  Tee  connector 
on  the  Channel  A  input  on  the  B/K  2032,  connect  a  cable  to 
the  B/K  signal  generator  output  connector.  Note  that  there 
are  now  two  external  inputs  to  the  summing  junction  of  the 
analog  computer  (see  figure  9). 


4.3.3  IEEE-488  INTERFACE  BUS 


The  IEEE-488  bns  is  available  f  ro«  the  National 
Instruments  GPIB11-2  Interface  Card  in  the  ISL  VAX  11/780. 
This  bns  is  extended  from  the  VAX  11/780  to  30  meters  by 
using  two  National  Instruments  GPIB-100  interface 
extenders . 

The  cable  from  the  VAX  interface  card  is  connected  to 
GPIB-100  Unit  1  at  the  IEEE-488  connector.  A  rear  view  of 
the  GPIB-100  is  shown  in  fignre  11.  The  RS-422  extension 
cable  is  then  connected  to  the  rear  of  Unit  1.  The  other 
end  of  the  RS-422  cable  is  connected  to  the  appropriate 
connector  on  GPIB-100  Unit  2  as  shown  in  figure  12.  The 
push-button  switch  labelled  'TALKER  ONLY'  on  the  GPIB-100 
units  should  be  in  the  out  (not  talker  only)  position. 


GP1I-1M  REAR  U1EU 

1 

AC  * 

!  FUSE 
CORO  j 

C  ” J  c 

Figure  11.  GPIB-100  Bus  Extender  Rear  View 
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Figure  13,  Instrument  IEEE-488  Connection* 

4.3,4  POWER  CONNECTIONS. 

Appropriate  pover  cable*  should  be  connected  to  each 
instrument  and  power  applied  to  each  instrument.  Allow 
approximately  ten  minutes  warm-up  time  for  the  analog 
computer  and  several  minutes  for  the  other  test  equipment. 


5.0  FUNCTION  DESCRIPTIONS 


Tills  section  describes  DICES'  capabilities  and 
1 init at  ions . 

5.1  SYSTEM  PERFORMANCE  SPECIFICATIONS 

Option  1  on  tbe  sain  aenu  is  simply  a  message  stating 
the  importance  and  necessity  to  obtain  performance 
specifications  for  the  system  nnder  study. 

DICES  does  not  assist  in  this  function  in  any  way. 


5.2  MATHEMATICAL  MODEL  DEVELOPMENT 

Option  2  on  the  main  menu  is  a  message  informing  the 
nser  of  the  need  to  develop  a  'good'  mathematical  model  of 
the  system  nnder  consideration. 

DICES  does  not  assist  in  this  function  in  any  manner. 

5.3  PLANT  SIMULATION 

Option  3  on  the  main  menn  provides  references  to 
assist  in  the  'patching  op'  of  the  mathematical  model  on 
the  TR-48  analog  computer.  This  is  a  critical  step  in  the 
testing  of  the  closed-loop  system.  A  problem  in  this  step 
will  not  permit  inserting  and  testing  the  digital 
controller  into  the  closed-loop  system. 


£  J 


5.4  CONTROLLER  DESIGN 


Option  4  periits  the  nee  of  the  control  syiteai  CAD 
package  ICECAP.  This  program  is  need  to  design  and  analyze 
the  digital  controller  required  to  sake  the  closed-loop 
system  meet  specifications. 

Vhen  option  4  is  selected,  DICES  automatically  calls 
ICECAP  and  displays  the  standard  ICECAP  prompts  and 
displays.  Discussion  of  ICECAP  is  beyond  the  scope  of  this 
manual  and  the  ICECAP  users  manual  should  be  consulted  for 
further  information. 


5.4.1  SAVING  CONTROLLER  DESIGN 

Vhen  the  design  process  is  complete,  the  final  digital 
compensator  design  MUST  be  transferred  to  the  ICECAP 
variable  HTP.  This  variable  is  used  to  pass  the  design 
information  back  to  DICES  for  implementation.  The  storage 
of  the  compensator  design  in  RTF  is  accomplished  using 

>  copy  IzAiikfeifi.  aoRialaiaa  Aaalaal  IIE 

COPT  COMPLETE  ...Response  of  ICECAP 

where  the  variable  containing  the  compensator  design  may  be 
GTF,  OLTF,  CLTF,  etc. 


V-V-Y* 
•  .  '  «  *  _ 


I 


5.4.2  LEAVING  ICECAP 

To  return  to  DICES  simply  type  the  ICECAP  command 
STOP.  This  stores  the  design  parameters  into  a  data  file 


'  ...  ------ 


s."  -  ‘ 


^ 
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and  gives  a  sign-off  Message.  DICES  is  an t o ■ a t ic a  1 1  y  re¬ 
entered  npon  completion  of  this  command  and  the  Main  mens 
displayed. 

5.5  IMPLEMENT  CONTROLLER 

Option  5  reads  the  design  parameters  of  the  digital 
compensator  and  implements  the  compensator  aa  a  cascade  of 


second-order  3D  filter  sections.  The  3D  structure  is  a  non¬ 


coefficient  difference  equation.  These  sections  are  formed 
from  a  'near  optimal'  pairing  algorithm  that  picks  pairs  of 


effort  to  minimize  the  effects  of  coefficient  quantization. 

The  structure  of  each  section  of  the  compensator  is  as 
follows : 


GC(Z) 


b0  +  b1Z“1  +  b2Z-2 
1  -  a1Z"1  -  s2Z~2 


(1) 


where  the  coefficients  are  formed  by  truncating  or 
rounding  the  ld-bit  integers  that  represent  them. 


5.5.1  READ  DESIGN  PARAMETERS 


Option  1  of  the  IMPLEMENT  CONTROLLER  menu  causes  the 


DICES.  Note  that  an  eighth-order  over  eighth-order  filter 
is  the  current  limitation  of  DICES.  This  must  be 
accomplished  before  any  of  the  remaining  options  from  this 
menu  are  selected.  An  error  message  will  be  displayed  if 
this  is  not  done. 

5.5.2  SELECT  ROUNDING  OR  TRUNCATION  OF  COEFFICIENTS 
Option  2  of  this  snb-menn  allows  selection  of  whether 

ronnd-off  or  truncation  will  be  nsed  to  quantize  the  filter 
coefficients  into  16-bit  integer  representations  within  the 
TMS32010 . 

5.5.3  PAIR  FILTER  POLES  AND  ZEROS 

Option  3  of  this  snb-menn  causes  the  filter  parameters 
that  were  read  into  DICES  to  be  paired  into  second-order 
sections.  A  'near  optimal'  pairing  algorithm  is  used  to 
to  minimize  effects  of  coefficient  quantization. 

The  current  version  of  DICES  restricts  the 
controller  gain  such  that  for  each  second-order  section, 
any  of  the  coefficients  cannot  exceed  a  value  of  .999969. 
This  restricts  the  location  of  the  zeros  and  poles  so  that 
when  multiplied  together,  a  coefficient  greater  than  that 
stated  above  does  not  occur.  This  limitation  was  required 
because  of  time  constraints  while  developing  the  system. 


5.5.4  GENERATE  TMS32010  OBJECT  CODE 

Option  4  invokes  the  Texas  Instruments  TMS  Assembler 


to  assemble  the  filter  source  code  generated  by  DICES.  The 
source  file  generated  by  DICES  is  called  3DFILT.THS.  This 
saae  aust  be  entered  when  asked  for  by  the  assembler.  Each 
file  requested  after  the  initial  input  can  be  entered  by  a 
carriage  return, as  the  assembler  uses  default  names  tied  to 
the  inital  file  name  3DFILT.THS.  When  assembly  is  complete, 
the  object  file  is  contained  in  file  3DFILT.MP0.  Thia  file 
name  must  be  used  later  for  downloading  the  object  code 
into  the  EVM. 

5.5.5  DOWNLOAD  OBJECT  CODE 

Option  5  allows  the  downloading  of  the  digital  filter 
object  code  to  the  EVM  for  execution  on  the  TMS32010.  DICES 
returns  to  the  VMS  system  to  accomplish  this  function 
because  the  VMS  system  must  transmit  the  object  file  to  the 
EVM. 

The  user  types  a  'control  T'  (shown  as  ~T  from  now  on) 
in  order  to  toggle  out  of  the  transparency  mode  of  the  EVM. 
The  EVM  responds  with  its  prompt  of  and  waits  for 

further  input. 

%  ~T  (VMS  prompt) 

?  1pm  2 <c r >  (TMS32010  EVM  prompt) 

which  puts  the  EVM  into  a  Load  Program  Memory  mode.  Note 


that  no  EVN  prompt  (?)  it  given  after  this  command  it 
given. 

Another  ~T  is  typed  which  pats  the  user  back  in  touch 
with  the  VMS  operating  system.  A  VMS  command  of 

%  type  3dfilt.apo  ~T 

is  then  given.  Note  that  the  command  is  followed  by  a  ~T , 
NOT  a  carriage  return.  A  carriage  return  will  not  work)  The 
~T  puts  the  EVM  back  into  local  mode  with  the  EVM  again  and 
sends  a  carriage  return  to  the  VMS  system  automatically.  It 
is  this  carriage  return  which  causes  the  VMS  system  to  type 
out  the  file  3DFILT.MPO  to  the  EVM. 

Following  the  loading  of  the  object  file,  a  return  to 
the  VAX  VMS  system  is  required.  Th  is  is  accomplished  by  the 
follow  ing : 

?~T  <cr>  <toggles  back  to  VMS> 

Iran  dices  (executes  DICES  again) 

The  full  main  DICES  menu  is  again  presented. 


5.6  CONTROLLER  PERFORMANCE  EVALUATION 

Option  6  from  the  MAIN  menu  provides  a  means  to  test 


the  digital  filter  program  in  the  closed-loop  system.  There 


are  currently  two  tests  implemented  -  step  response  and 
frequency  response  (magnitude  and  phase).  The  impulse 
response  test  is  not  implemented  in  the  current  version  of 
DICES. 

5.5.1  STEP  RESPONSE 

Option  1  from  the  PERFORMANCE  EVALUATION  menuselects 
the  STEP  RESPONSE  TEST.  DICES  requests  the  step  amplitude 
desired  (limited  to  0  to  7.5  volts)  and  the  approximate 
settling  time  of  the  system.  The  settling  time  is  easily 
obtained  from  the  ICECAP  simulations  which  were  performed 
during  the  design  process. 

~T  is  used  to  communicate  with  the  EVM  in  order  to 
start  execution  of  the  filter  program.  When  the  filter 
program  is  running,  the  CONTROL* START  button  on  the  B/I 
2032  System  Analyzer  is  pressed  to  signal  DICES  to  begin 
the  test  (see  figure  14). 

When  the  test  is  complete,  the  words  'TEST  COMPLETE' 
will  be  displayed  at  the  bottom  of  the  B/K  2032  screen.  The 


CONTROL 

START-" 


Figure  14.  Location  of  CONTROL* START  Button 
on  B/K  2032  System  Analyzer 


The  cursor  knob  located  on  the  panel  of  the  B/K  can 
now  be  used  to  move  the  cursor  along  the  step  response  of 
the  system  to  obtain  information  about  the  response  (peak 
time,  settling  time,  peak  value,  etc.). 

To  return  to  DICES,  the  RESET  switch  on  the  EVH  must 
be  asserted  to  stop  the  TMS32010  execution  of  the  filter 
code.  The  EVM  will  return  to  the  monitor  program  and 
display  its  menu.  ~T  and  a  carriage  return  is  typed  to 
return  to  the  DICES  main  menu. 


»wr! y* v^j  * « \\  »ji  V  ■_»  'J  7?  ’.'  v  w  imra™ 


The  B/E  2032  can  be  manipulated  until  the  next  test  is 
performed.  There  is  no  hardcopy  available  for  the  B/E  2032 
at  the  present  time.  The  B/E  2032  System  Manuals  should  be 
consulted  for  further  information  on  other  functions  that 
may  be  performed  after  the  test. 

5.6.2  FREQUENCY  RESPONSE 

Option  2  permits  the  performance  of  a  frequency 
response  test  on  the  closed-loop  system.  A  display  of  both 
magnitude  and  phase  is  provided  on  the  B/E  2032. 

DICES  prompts  for  the  APPROXIMATE  closed-loop 
bandwidth  of  the  system  (in  r ad  i  an s / s e c o nd )  to  allow 
setting  the  B/E  2032  properly.  Note  that  this  test  may  take 
up  to  SEVEN  minutes  for  the  lowest  bandwidth  system  of 
about  5-10  radians  per  second. 

To  initiate  this  test,  the  same  procedure  is  followed 
as  for  the  step  test  above,  which  will  not  be  repeated. 

5.6.3  IMPULSE  RESPONSE 

The  impulse  test  is  currently  not  implemented  on 
DICES. 

5.7  REPORT  GENERATION 

This  option  permits  selection  of  reports  to  be  printed 
on  the  line  printer  after  a  filter  is  implemented  and 
tested. 
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5.7.1  FILTER  PAIRS  AND  QUANTIZED  COEFFICIENTS 


This  report  lists  the  digital  filter  pole  and  zero 
pairs  which  were  matched  to  fora  each  second-order  3D 
filter  section.  The  raises  of  each  coefficient  is  given 
before  and  after  quantization  and  the  integer 
representation  of  each  coefficient  is  given. 

6.0  EXAMPLE  CONTROL  PROBLEM 

This  section  presents  the  step-by-step  procedures  used 
to  solve  a  control  problem  using  DICES.  This  example  serves 
as  a  good  introduction  to  the  use  of  DICES. 

Note  that  in  the  following  procedures,  computer  system 
responses  are  typed  in  UPPER  CASE  and  user  input  is  typed 
in  lower  case.  The  only  exception  to  this  is  when  a  control 
character  is  typed  by  the  user.  For  example  ,  'control  T’ 
is  shown  as  ~T  . 

System  Connection.  The  EVM  must  be  connected  as  detailed  in 
section  4.3.1.  The  EVM  must  be  connected  to  a  VT-100 
terminal  from  the  rear  connector  labelled  TERM.  The  EVM 
must  also  be  connected  to  the  VAX  system  at  the  connector 
labelled  VAX.  VAX  VMS  Terminal  TTB3  should  be  used  as  it  is 
configured  for  4800  baud  and  several  features  such  as 
NOVRAP  are  permanently  disabled.  Consult  the  ISL  chief 
sys terns  eng inee r  or  VAX  system  manager  for  assistance  if 
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.’.A  required.  This  is  the  niniann  system  configuration  to  sign 

•  .  v  u 

on  to  the  VAX  system. 

The  power  switch  on  the  front  panel  of  the  EVM  unit 
should  be  switch  to  ON.  The  following  sequence  must  now  be 
executed  to  properly  configure  the  system. 

1.  Toggle  the  front-panel  RESET  switch  to  reset  EVM 

system . 

2.  Hit  RETURN  on  the  VT-100  terminal 


i  14 ? 


3.  After  the  EVM  start-up  message  display,  type  the 
following : 

7  ion<cr > 

1  ifiii  fix_tlfi.il 

^  fiOffiS 

COMM  <~C>  CTIt  Tlcx2  Note:  EVM  types  COMM  <~C> 

User  types  ~T<cr> 


These  commands  to  the  EVM  monitor  program  initialize 
the  system  hardware  and  software  to  communicate  with  the 
Analog  Interface  Board  and  the  VAX  VMS  system.  A  brief 
description  of  the  effect  of  each  command  is  given  below. 

The  'ion'  command  turns  on  the  XON/XOFF  protocol 
which  controls  the  sending  and  receiving  of  data  between 
the  VAX  and  EVM. 

The  'init  ext’  command  sets  the  clock  used  on  the  AIB 
to  an  external  clock  which  is  supplied  from  the  processor 
board  in  the  EVM. 
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The  'cobs'  comind  sets  the  EVM  to  respond  to  s  ~T  to 
go  into  the  TRANSPARENCY  MODE  of  the  EVM.  This  replaces  the 
default  value  of  ~C  which  is  normally  used  by  EVM  users. 
This  is  because  the  VMS  systea  uses  ~ C  to  break  out  of  a 
program.  This  would  have  the  effect  of  constantly  toggling 
the  user  in  and  out  of  the  TRANSPARENCY  MODE  of  the  EVM. 

VAX  S i tn-On  Procedure 

Once  the  EVM  in t i t i a  1 i z a t ion  procedure  is  complete, 
the  user  is  ready  to  sign  on  to  the  VAX  systea.  The  first 
coaaand  given  is  to  toggle  the  EVM  into  the  TRANSPARENCT 
MODE.  This  is  accomplished  by  typing 

7  ~t 

and  hitting  a  <cr>. 

The  VAX  system  responds  with  the  systea  prompt  as 
fol lows : 

Welcome  to  the  AFIT/ENG  Information  Sciences  Laboratory 
(VAX/VMS  version  4.2) 

25-ADG-1985  09:05 

The  user  responds  with  the  account  name  and  password: 


Username:  t  i 


Password:  00664 


The  user  then  types  the  coaaasd  to  run  the  DICES 
program : 


*  set  dof  [ t 1 , dices]  ...change  to  DICES  directory 


*  tea  dices  ...run  DICES  program 


DICES  presents  the  opening  menu: 


DIGITAL  INTERACTIVE  CONTROLLER 
EVALUATION  SYSTEM  (DICES) 


OPTIONS: 

1.  SYSTEM  PERFORMANCE  SPECS 

2 .  MATHEMATICAL  MODEL  DEVELOPMENT 

3.  PLANT  SIMULATION 

4.  CONTROLLER  DESIGN 

5.  IMPLEMENT  CONTROLLER 

6.  CLOSED-LOOP  PERFORMANCE  TESTING 

7.  REPORT  GENERATION 

8.  END  PROGRAM 


6.1  DETEBMINB  SYSTEM  PERFORMANCE  SPECIFICATIONS 


Selecting  option  1,  the  user  is  directed  to  determine 
the  system  performance  specifications  of  the  system  under 
study.  This  step  is  performed  by  the  user  prior  to  using 
DICES.  The  user/des igner  analyzes  the  requirements  of  the 
system  and  quantifies  them  using  standard  control  system 
figures  of  merit. 

For  this  example,  the  system  performance  requirements 
are  as  follows  (for  a  unit  step  input): 

<  20%  peak  overshoot  (M  ) 

P 

<  7.5  seconds  peak  time  (tp) 

<  15  seconds  settling  time  (t#) 

The  main  menu  is  again  presented  to  the  user. 


6.2  DEVELOP  PLANT  MODEL 

Option  2  is  selected  which  directs  the  user  to  develop 
the  mathematical  model  of  the  plant  to  be  controlled.  This 
step  is  performed  external  to  DICES.  The  mathematical  model 
for  the  plant  (in  this  case  the  amplifier  and  motor)  is 
developed  and  used  as  the  basis  for  the  later  design  of  the 
controller. 

The  motor  model  is  shown  in  figure  15.  It  is  now 
necessary  to  determine  the  transfer  function  of  the  motor 


model . 


Figure  15.  Servoaotor  systea 


To  deteraine  the  transfer  function  of  the  aotor.  the 
differential  equations  that  describe  the  systea  dynaaics 
are  vritten.  Note  that  initial  conditions  are  neglected 
since  a  transfer  function  is  being  obtained. 

The  bach  eaf  of  the  aotor.  ea>  is  given  by 

%<t)  -  Cb  a  -  Kb  6  (2) 

where 

6  is  the  aotor  shaft  position 
w  is  the  shaft  angular  velocity 
It  is  a  aotor-dependent  constant 


t  ( t )  =  J  6  ( t )  +  B  &(t) 


(3) 


where 

x ( t )  is  the  torque  developed  by  the  motor 
J  is  the  moment  of  inertia  connected  to  shaft 
B  is  the  total  viscous  damping 

e 

S(t)  is  shaft  angular  position  time  derivative 

e  e 

6(t)  is  shaft  angular  velocity  time  derivative 
The  torque  developed  by  the  motor  is  given  by 

t  -  I t i ( t )  (4) 

where 

i ( t )  is  the  armature  current 
Kt  is  a  constant 

The  final  equation  required  is  the  loop  voltage 
equation  which  is 

e(t)  *  i(t)R,  +  0,(1)  +  La  i ( t )  (5) 

where 

e(t)  is  the  input  voltage  to  the  motor 
Ra  is  the  armature  resistance 
L>a  is  the  armature  inductance 

e 

i ( t )  is  the  time  rate-of-ehange  of  i(t) 


These  four  equations  are  now  solved  for  &(t),  the  output 
as  a  function  of  e(t),  the  input. 

Taking  the  Laplace  transform  of  equations  (2)  through  (5) 
and  neglecting  initial  conditions  yields: 


Em(s)  = 

Ebs6(s) 

(6) 

t(s)  « 

Js>6(s)  +  Bs6 ( s ) 

(7) 

r(s)  - 

ItI(s) 

(8) 

E(s)  = 

I(s)Ra  +  Eb(s)  +  LaI(s)s 

(9) 

Fron  equations  6  and  9 

E(s)  - 

I(s)Ra  +  Lasl(s)  +  Kbs6(s) 

(10) 

and  solving 

for  I(s)  produces 

E (  s )  -  s6 ( s ) 

I(s)  - 

L.«  +  Ra 

(11) 

Fron  equations  (7).  (8),  and  (11) 

KT[  E(s>  -  s6 ( s ) Kb ] 

Js,&(s)  +  Baft  ( s )  -  (12) 

L.s  +  Ra 

(La,  +  Ra)(Js*6(s)  +  B  s  6 ( s ) )  = 

Kt(E(s)  -  s6(s)Kb)  (13) 

(Las  +  Ra)(Js*6(s)  +  B  s  6  ( s ) )  + 

(KTs6(s)Kb)  -  EtE(s)  (14) 


6.3  SIMULATE  PLANT  MODEL 

The  transfer  function  for  the  plant  nay  be  simulated 
on  an  analog  computer  as  shown  in  figure  16. 


The  voltage  scaling  used  is: 

+  3.14  volts  ” >  n  radiant 
-  3.14  volts  =>-n  radians 

Step  input  of  1  volt  =  1  radian  command  e(t)CM<j 

After  wiring  the  above  plant  model  and  closing  the 


feedback  loop,  it  can  be  seen  that  the  actual  simulation 
results  closely  follow  that  of  the  uncompensated 
theoretical  results  (see  figures  17  and  18). 


ftt  SPPN? 


rads 


Uncoapensated  Actual  Closed-Loop  Simulation 


CLUSEQ-I.OOP  i  NO  C0MPtS5fiT0f<  -  5  PLANE) 


TIME  (SECONDS) 


Figure  18,  Uncoapensated  Theoretical  Closed-Loop  Simulation 


6.3.1  ZOH  AND  SAMPLE  PERIOD  EFFECTS 


After  the  plant  was  tested  with  no  stapler  or  ZOH, 
various  teats  were  perforaed  that  examined  the  effects  of 
inserting  a  ZOH  and  stapler  into  the  forward  loop  of  the 
control  systea.  The  staple-period  was  varied  to  see  the 
effects  of  lengthening  this  paraaeter. 

The  photographs  were  taken  froa  a  storage  osciiloacope 
that  was  nsed  to  record  the  plant  ontpnt  voltage  waveform 
after  being  subjected  to  a  unit  step  inpnt.  In  all  cases, 
the  theoretical  response  is  shown  along  with  the  actual 
results  obtained  froa  the  analog  computer  sianlation.  The 
block  diagraa  of  the  test  set-up  is  shown  below. 


♦  l  u 


o__/ 


Staple  Period  Test  Set-Dp 


TEST  CASES 


Test  1 

Sample  Period:  .05 
Figures  20  and  21. 

Test  2 

Sample  Period:  .26 
Figures  22  and  23. 

Test  3 

Sample  Period:  .65 
Figures  24  and  25. 

Test  4 


secs 


secs 


secs 


Sample  Period:  1.31  sec 
Figures  26  and  27. 
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A0-A163  966 
UNCLASSIFIED 


DEVELOPMENT  OF  A  DIGITAL  INTERACTIVE  CONTROLLER 
EVALUATION  SVSTEH  (DICES) CU)  AIR  FORCE  INST  OF  TECH 
NRIGHT-PATTERSON  AFB  OH  SCHOOL  OF  ENGINEERING 
S  B  ECKERT  DEC  83  AFIT/GE/ENG/85D-12  F/G  9/5 


OLUTION  TEST  CHART 

'  of  BOARDS- 1963- A 


F(K)  RESPONSE 

0 . 6?  0.94  1 . 21 


TEST  2  -  ZQH  ONLY  1 T SAMP 


.26  SECS ) 


Pignrt  22.  Analytical  Baaponaa  for  TSAMP-.26 


.00  0.50 


Figaro  26.  Aaolytiool  Response  for  TSAMP>1.31 


-l.o 


Radians 


50  s 


Figsra  27.  Aetna!  Raapooaa  for  TSANP-1.31 


staple  period  of  .05  seconds  or  .26  seconds.  However 


Z [Gp ( s )  1 


.  00004014  ( Z  +  3.595MZ  +  .25) 


(21) 


(Z  -  1)(Z  -  . 9512 ) (Z  -  9048) 


The  loop  was  first  closed  with  only  a  sampler  and  ZOH 
to  determine  if  there  are  negatiwe  effects  doe  to  the 
sample-and-hold  process.  It  can  be  seen  from  the  last 
section  that  the  ZOH  alone  with  a  sample  period  of  .05 
seconds  had  no  negative  impact  on  the  system  response. 
Thus,  the  .05  second  sample-period  is  a  wary  conservative 
selection. 

Now.  nsing  the  plant  Z-transfer  function  as  the  basis 
for  the  compensator  design  yields  the  following: 


. 3974 (Z  -  .995) 

G  (a)  =  -  (22) 

(Z  -  .998) 

Forming  the  closed-loop  system  nsing  ICECAP  yields  the 
following  analytical  step-response  characteristics: 

Mp  -  1.25 

t_  ■  <  8  seconds 
P 

t#  -  12  seconds 
8,,(t)  -  1  radian 


•  VV- 


.v  ■- 
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Upon  coapletion  of  this  step,  the  user  enters  the 
ICECAP  cosiind  STOP  which  exits  the  ICECAP  progrsa  end 
saves  the  design  psrsaeters  for  iapleaentat ion. 

6.5  FILTER  IMPLEMENTATION 

The  user  is  presented  with  the  aiin  DICES  aenn 
following  the  exiting  of  ICECAP.  The  user  selects  option  5 
which  is  the  Filter  Iapleaentst ion  Menn. 


CONTROLLER  IMPLEMENTATION 


OPTION: 

1.  READ  DESIGN  PARAMETERS 

2.  ROUND-OFF  OR  TRUNCATION 

3.  FORM  SECOND-ORDER  SECTIONS 

4.  GENERATE  OBJECT  CODE 

5.  DOWNLOAD  OBJECT  CODE 

6.  RETURN  TO  MAIN  MENU 


Figure  28.  Filter  Iapleaentst ion  Menn 


Option  2  is  then  selected  which  allows  selection  of 


ronnd-off  or  truncation  of  the  integers  which  are  foraed 
during  the  quantization  process  as  discussed  in  the  design 
chapter.  Round-off  will  be  selected  for  this  exaaple 
prob lea. 

Option  3  foras  the  second-order  sections  with  actual 
coefficients  and  saaple  period  integers  that  will  be 
asseabled  into  the  TMS32010  object  code.  The  coefficients 
and  saaple  period  integers  foraed  as  a  result  of  this  step 


QUANTIZATION  ROUTINBS 

eeeeeeeeeeeeeeeeeeeeeeeeee* 

NUMBER  OP  SECTIONS 

HR  -  0.3973999990033917 

TSAMP  -  5 . 0000001E-02 

eeeeeeeeeeeeeeeeeeeeeeeeee* 

SECTION  NUMBER  J 

eeeeeeeeeeeeeeeeeeeeeeeeee< 

BO  »  0.3974363820399411 

B1  =  -0.3954492020447657 
IB0  »  13023 

IB1  -  -12957 

A1  «  0.9980000257492065 

IA1  -  32702 


TSAMP  - 

5.0000001E-02 

ITSAMP  * 

419 

Figure  30.  Second-order  Section 


I 


I ap 1 e a en t a t  i on  aeon.  The  file  3DFILT.MPO  contains  the 
object  code  in  TMS9900  foraat  which  peralts  loading  by  the 
Ewalnation  Module. 


tO000  3DFILT9OO00BF9OOBO01BB3  2DFBCD63BO000B7FBEBOO0<)B7FFFBOO 
007F1AFF  3DFILT  1 

BOOOOBOOOOBOOOOB7FFFBOOOOBOOOOBOOOOBOOOOB7FFFBOOOOBOOOOBOOO 
OB00007F2 IDF  3DF1LT  2 

B01 A3B000AB01 90B7FFFB8000B6E00B7E01B502EB702CB71 18B7E1AB688 
0B67917F152F  3DFILT  3 

B102EBFE00B002 1B701 3  B7 1 1 3  B7F89B6880B5091BF400B0029B202BB6 1 2 
CB502F7F1 8BF  3DFILT  4 

B4829B4928B7F8BB202ABF600B003  8BF900B00 3 4B1 02EB42 0 9BFEO0BOO3 
4B20097F1 84F  3DFILT  5 

B7  82BB5009B7F8  9B6A0BB6D1 6B6B0 AB6D1 5B6B09B6D1 4B6C1 3B6D18B6B1 
2B6D1 7 7F1 OOF  3DFILT  6 

B7F8FB5  9 1 2B6 AO  8B6D1BB6B07B6D1 AB6B06B6D1 9B6C1 1 B6D1 DB6B10B6D1 
CB7F8F7F0BEF  3DFILT  7 

BS910B6 A05B6D20B6B04B6D1FB6B03B6D1EB6C0FB6D22B6B0EB6D21B7F8 
FB590E7F0DBF  3DFILT  8 

B6AO2B6D25B6BO1B6D24B6B00B6D23B6C0DB6D27B6B0CB6D26B7F8FB59O 
CB592D7F0E8F  3DF1LT  9 

B202CB7  82DB502DB4 A2DBF900B00  3  3  7F9 1 6F  3DFILT10 

3DFILT  8/23/85  15:15:27  ASM320  2.1  83.076  3DFILT11 


Figure  31.  TMS32010  Aaseabler  TMS9900  Object  File 


Option  5  is  now  selected  to  losd  the  object  code  into 
the  Evaluation  Module  for  later  execution  by  the  TMS32010. 

When  this  option  is  selected,  the  user  is  returned  to 
the  VMS  operating  system.  The  user  types  a  'control  T’  in 
order  to  toggle  out  of  the  transparency  mode  of  the  EVM. 
The  EVM  responds  with  its  prompt  of  '?'  and  waits  for 
further  input. 

%  ~T  (VMS  prompt) 

?  1pm  2  <  c  r  >  (TMS32010  EVM  prompt) 

which  puts  the  EVM  into  a  Load  Program  Memory  mode.  Note 
that  no  EVM  prompt  (?)  is  given  after  this  command  is 
given. 

Another  ~T  is  typed  which  puts  the  user  back  in  touch 
with  the  VMS  operating  system.  A  VMS  command  of 


~T 

%  type  3dfilt.mpo  **T 

is  given.  Note  that  the  command  is  followed  by  a  ~T,  NOT  a 
carriage  return.  A  carriage  return  will  not  workl  The  ~T 
puts  the  EVM  back  into  local  mode  and  sends  a  carriage 
return  to  the  VMS  system  automatically.  It  is  this  carriage 
return  which  causes  the  VMS  system  to  type  out  the  file 
3DFILT.MP0  to  the  EVM. 
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Following  the  loeding  of  the  object  file,  a  return  to 
the  VAX  VMS  system  is  required.  This  is  accomplished  by  the 


fol lowing : 

?~T  <cr >  < toggles  back  to  VMS> 

%r  dices  <execntes  DICES  again) 

The  full  main  DICES  menu  is  again  presented. 


6.6  PERFORMANCE  EVALUATION 

To  evaluate  the  performance  of  the  digital  controller 
in  a  closed-loop  system,  option  6  is  executed. 

The  current  version  of  DICES  can  obtain  the  step 
response  and  frequency  response  of  the  closed-loop  system. 
Each  of  these  tests  will  be  discussed  in  the  following 

m 

sections . 

6.6.1  STEP  RESPONSE 

From  the  Performance  Evaluation  menu,  select  option  1 
-  Step  Response  Test.  DICES  will  promt  for  AMPLITUDE  OF 
the  STEP  INPUT.  Enter  a  carriage  return  for  this  value, 
since  DICES  defaults  to  a  1.0  volt  input  step.  The  next 
input  is  the  APPROXIMATE  SETTLING  TIME  for  which  17  seconds 


Figure  32.  CONTROL* START  Button  on  B/K  2032 


The  test  will  begin  shortly  after  pressing  the  START 
button  and  will  take  approximately  32  seconds.  After  the 
test  is  complete,  the  B/E  2032  is  placed  into  a  mode  that 
allows  the  nser  to  move  the  cursor  along  the  step  response 
to  dtermine  the  system  peak  time,  settling  time,  peak 
▼alne,  etc.  The  value  is  read  from  the  B/E  2032  screen  in 
the  upper  right-hand  corner  of  the  screen. 

Following  the  TEST  COMPLETE  message  at  the  bottom  of 
the  B/E  2032,  the  RESET  switch  on  the  EVM  must  be  asserted 
to  stop  the  filter  program  and  return  to  the  EVM  monitor 
program.  From  the  monitor  program,  a  ~T  is  typed  which 
returns  communication  with  BICES.  A  CARRIAGE  RETURN  is 
typed  after  the  ~T  and  the  DICES  main  menu  is  displayed. 

With  the  compensator  in  the  closed-loop,  the 
analytical  step  response  is  shown  in  figure  33.  As  can  be 
seen,  the  figures  of  merit  are 

tp  «  7  seconds 
Mp  -  1.19  units 
t  *  13.5  second s 

The  actual  results  of  the  test  performed  during  this 
example  are  shown  in  figure  34.  The  figures  of  merit  are 

tp  =  6.5  seconds 
Mp  *  1.2  units 


t.  *  11  seconds 


cP;  op  0.31  0.62  0.94  1.2S 


Figure  33.  Coapensited  Theoretical  Step  Reaponse 


the  theoretical  resalts  obtained  with  ICECAP. 


6.6.2  FREQUENCY  RESPONSE 

Froa  the  Performance  Evaluation  menu,  select  option  2 
-  FREQUENCY  RESPONSE  TEST.  DICES  will  proat  for  APPROXIMATE 
BANDWIDTH  OF  CLOSED-LOOP  SYSTEM.  Enter  10  for  this  value. 

DICES  then  prompts  to  ase  a  ~T  to  coaannicate  with  the 
EVM  in  order  to  start  the  digital  filter  program. 

7PC  0000  <sets  TMS32010  program  counter  to  0000> 

7 RUN  <atarts  execution  of  the  filter  program) 

<comaunic at  ion  is  lost  with  DICES) 

The  START  button  in  the  CONTROL  section  of  the  B/K 
2032  is  pressed  to  begin  the  system  test  (See  figure  32). 

The  test  will  begin  shortly  after  pressing  the  START 
button  and  will  tahe  approximately  7  MINUTES  because  of  the 
low  bandwidth  of  the  system.  This  long  test  tine  is  a 
consequence  of  the  B/E  method  of  performing  the  frequency 
response  test  of  a  system.  After  the  test  is  complete,  the 
B/K  2032  is  placed  into  a  mode  that  allows  the  user  to  move 
the  cursor  along  the  magnitude  and  phase  curves 
simultaneously.  The  magnitude  (in  dB)  and  the  phase  of  the 
plant  output  (in  degrees)  can  be  read  from  the  right-hand 


top  and  bottoa  of  the  screen,  respectively. 


Following  the  TEST  COMPLETE  message  at  the  bottom  of 
the  B/E  2032,  the  RESET  switch  on  the  EVM  mnst  be  asserted 
to  stop  the  filter  program  and  retnrn  to  the  EVM  monitor 
program.  From  the  monitor  program,  a  ~T  is  typed  which 
returns  communication  with  DICES.  A  CARRIAGE  RETURN  is 
typed  after  the  ~T  and  the  DICES  main  menu  is  displayed. 

6.7  REPORT  GENERATION 

The  only  documentation  from  the  test  currently 
available  is  a  listing  of  the  filter  pairings  that  were 
performed  and  the  coefficients  generated  during  the 
quantization  process.  This  report  can  be  generated  by 
selecting  option  7  from  the  main  menu. 

6.8  SUMMARY 

This  section  has  shown  how  a  typical  control  problem 
is  taken  from  beginning  to  end  using  DICES.  The  user  is 
free  to  change  filter  designs  (within  the  current 


limitations) 

and 

make 

changes 

to  the  plant 

model 

if 

desired.  Each 

of 

the 

tests  can 

be  executed 

again 

if 

desired. 


7.0  KNOWN  BUGS.  ERRORS.  AND  TRICES 
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This  section  describes  known  bngs 


potential  errors  that  nay  occur  while  using  DICES 


Ill.  error 

This  error  has  occurred  while  downloading  the 
3DFILT.MP0  object  file  fros  the  VAX.  It  is  detected  and 
displayed  by  the  EVM  Monitor  progras  when  the  object  data 
file  is  not  received  properly. 

If  this  occurs,  try  the  following: 

1.  Be- init ial ize  the  EVM  as  described  in  section  6.0 

2.  Insure  the  NOWBAP  feature  of  the  VT-100  is  set. 

B/B  Interface  I/O  error 

This  error  nay  occur  during  reaote  progranning  of 
the  B/E  2032.  It  will  be  displayed  on  the  bottos  line  of 
the  B/E  screen.  Press  the  LOCAL  key  and  then  the  STOP  key 
on  the  DIGITAL  I/O  section  of  the  B/E  2032. 

gy.Ubioo  iaitUlUiM 

If  the  VAX  power  is  resoved  or  the  power  is  reaoved 
frost  the  GPIB-100  units,  it  nay  be  necessary  to  clear  the 
units  using  the  National  Instruments  supplied  interactive 
progras  called  IMICPX.  This  p  r  o  g  r  a  si  allows  reaote 
progranning  the  IEEE-488  instrunents  froa  the  VT-100. 


Tli*  following  sequence  is  performed  from  directory 


Iti. dices] : 

%run  inicor  <eiecates  inicpx> 

:g.  <:  is  prompt  from  inicpz> 

<g  cl  clears  the  bns> 

:i  £i  2  <clesrs  B/X  2032> 

PICES  fill  Not  Program  Instruments  After  VAX  VMS  Reboot 

If  DICES  does  not  appear  to  program  the  teat 
instruments  on  the  IEEE-488  bns  after  the  VAX  VMS  system 
has  been  rebooted,  it  may  be  necessary  to  re-connect  the 
driver  as  described  in  the  National  Instruments  GPIB-11-2 
Software  Reference  Manual. 

The  driver  connection  should  be  made  automatically 
because  the  [ti]  log-in  file  has  the  CONNECT  commands  in 
it.  But  on  one  occasion,  it  did  not  do  it  automatically. 


ICECAP  will  not  Execute 
If  the  error 

F0R008.DAT  not  found  (or  something  similar) 
occurs,  try  the  following: 

%eopy  forOOS.bak  for008.dat 


Occasionally  data  file  for008.dat  gets  wiped  out  by 


ICECAP  and  it  needs  to  be  replaced  froa  the  backup  that  is 
kept  in  the  directory. 

Errors  in  Mods  1  e  Err_or_Mn_t sane.  Proa  Assembler 

If  during  the  asseably  of  the  source  file  3DFILT.THS, 
a  message  'Errors  in  Nodule*  occurs,  the  reason  is  probably 
coefficients  that  are  too  large  to  implement  as  a  16-bit 
coefficient.  This  is  caused  by  pole/sero  combinations  that 
generate  a  coefficient  in  the  second-order  difference 
equation  that  is  greater  than  .999969.  This  may  also  be 
caused  by  too  large  a  gain  in  the  compensator. 
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Attachment  1 


TMS32010  EVM  Dnit  Description 


Introduction 

This  appendix  decribes  the  TMS32010  EVM  Dnit  that  is 
used  as  the  digital  controller  in  DICES.  The  EVM  Dnit 
contains  a  16-bit  TMS32010  Digital  Signal  Processor 
microprocessor  and  a  Ana  log- 1 o-D ig i t a  1  (A/D)  and  Digital- 
to-Analog  (D/A)  converter. 


Description  of  EVM 

The  TMS32010  is  a  D  i  g i t a  1 - S i g n a  1 -P r o c e s s i n g  (DSP) 
microprocessor  introduced  by  Texas  Instruments.  Inc.  in 
1983.  Its  architecture,  speed,  and  instrnction  set  are 
designed  for  efficient  execution  of  digital  signal 
processing  algorithms.  The  table  belov  summarizes  its  main 
features  and  performance  characteristics. 

Configuration:  Microprocessor  version  -  TMS32010. 


Clock/ Ins t rue t ion  20  Mhz  clock/200  nsec  instruction 
Cycle:  cycle.  On-chip  oscillator. 


Memory : 


144  Words  of  on-chip  data  RAM. 

4096  words  of  external  program  ROM. 


Computational  Double-Precision  32-bit  ALD  and  Accum. 

Sections:  200  nsec  multiplier. 

Overflow  mode  that  saturates  the 
accumulator  on  arithmetic  overflow. 


Program  Control  16-bit  bus  for  off-chip  instructions. 

Section:  4x12  stack  for  context  switching. 

Autoincrement/decrement  registers. 
Polling  pin  for  hardware  interfacing. 
Vectored  interrupt. 
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The  TMS32010  uses  •  modified  Harvard  architecture, 
(tee  figure  34),  which  permits  the  transfer  of  information 
between  program  nd  data  memories.  A  strict  Harvard 
architecture  provides  separate  program  and  data  memories 
with  no  cross  transfer  of  data.  This  modified  structure 
allows  the  designer  the  flexibility,  for  example,  to  reload 
the  filter  coefficients  and  the  initial  conditions  of  his 
control  algorithm. 
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instruction  cycle#  i  •  e  •  #  200  nsec*  The  TMS32010  also 
contains  a  barrel  shifter  that  left  shifts  data  0  to  IS 
places  before  the  data  is  transferred  into  the  accumulator 
and  a  second  shifter  that  shifts  the  upper  half  of  the  32- 
bit  accnmnlator  0,  1,  or  4  places  before  it  is  stored  in 
data  RAM.  This  allows  for  the  extraneons  bits  that  are 
generated  when  using  Q1 5  and  Q12  number  representation 
within  the  TMS32010.  The  I/O  structure  consists  of  eight 
ld-bit  input  and  eight  16-bit  output  ports. 

The  TMS32010  instruction  set  includes  a  set  of  special 
instructions  necessary  for  fast  implementation  of  sum-of- 
products  computations  encountered  in  digital 
filtering/compensation  calculations.  Most  of  the 
instructions  critical  to  DSP  execute  in  200  nsec.  A  typical 
multiplication  of  a  delayed  value  by  a  coefficient  stored 
in  memory,  and  then  a  shift  of  the  delayed  data  in  memory 
executes  in  400  nsec.  The  results  of  the  previous 
operation  is  also  accumulated  in  the  accumulator  during  the 
same  400  nsecs.  The  TMS32010  has  three  addressing  modes: 
direct,  indirect,  and  immediate  addressing. 


Contents 


Introduc  t ion  . . . 

Data  Element/Data  Flo*  Descriptions 

Process  Descriptions  . . 

File  Descriptions  . . . 

Subront ines  . . 


This  appendix  contains  the  data  dictionary  for  the 
Digital  Interactive  Controller  Evalnation  System  (DICES). 
The  data  dictionary  consists  of  four  sections. 

Section  2.0  describes  the  data  elements  and  data  flows 
to  assist  in  using  the  data  flow  diagrama  in  the  main  text. 
However,  this  section  can  be  read  without  the  diagrams. 

Section  3.0  provides  the  process  descriptions.  Again, 
this  section  is  most  helpful  when  used  with  the  data  flow 
diagrams,  but  it  is  not  mandatory  to  have  the  diagrams. 

Section  4.0  describes  each  file  used  by  DICES.  These 
files  include  data,  text,  and  object  files. 

Finally,  Section  5.0  describes  each  subroutine  called 
by  the  main  module  DICES. THS  and  any  routines  each  called 


DATA  ELEMENT  NAME:  Perf_Reqts 

DESCRIPTION:  Performance  requirements  that  have  been 

established  by  the  nser. 

FROM  PROCESS:  1.0 


DATA  ELEMENT  NAME: 

DESCRIPTION: 
to  be  coaipensated . 

FROM  PROCESS: 


DATA  ELEMENT  NAME 
DESCRIPTION 
FROM  PROCESS 


Math_Mode 1 
Mathematical  model 

2.0 

Plant_Sim 

Plant  simulation  on 
3.0 


of  the  plant  under 


analog  computer. 


DATA  ELEMENT  NAME:  De s ig n_Pa r ame t e r s 

DESCRIPTION:  Parameters  that  describe  the  digital 

controller  that  has  been  designed  using  ICECAP  CAD  package 

FROM  PROCESS:  4.0 


DATA  ELEMENT  NAME:  Imp lement a t ion_Par ame t e r s 

DESCRIPTION:  Parameters  that  describe  the  actual 

coefficients  that  have  been  quantized  and  converted  to 
integers  to  be  implemented  on  the  digital  controller. 


FROM  PROCESS:  3.0 


[iTT 


DATA  ELEMENT  NAME:  Des  ign_Parameters 


DESCRIPTION:  Parameters  that  describe  the 

compensator  that  has  been  design  to  meet  the  performance 
spec  if icat ions . 

PROM  PROCESS:  4.22  or  4.23 

DATA  ELEMENT  NAME:  Ver if ied_Compensator 

DESCRIPTION:  Verified  compensator  that  meets  the 

performance  specifications  analytically. 

FROM  PROCESS:  4.3 

DATA  ELEMENT  NAME:  Coe f f ic ie nt_F i 1 e 

DESCRIPTION:  Data  file  that  contains  the  parameters 

of  the  compensator. 

FROM  PROCESS:  4.4 


DATA  ELEMENT  NAME:  Po 1 e /Ze r o_Ar r ay 

DESCRIPTION:  Array  of  poles  and  zeros  of  the 

compensator . 

FROM  PROCESS:  5.1 

DATA  ELEMENT  NAME:  Imp  lament  at ion_S t me tur e 

DESCRIPTION:  Filter  structure  type  that  will  be  nsed 

to  implement  the  digital  controller. 


FROM  PROCESS:  5.2 


DATA  ELEMENT  NAME:  F i 1 t e r_Sec t ions 

DESCRIPTION:  Paired  sets  of  poles  and  zeros  that 

will  form  the  first  or  second  order  sections  of  the  digital 
controller. 

FROM  PROCESS:  5.3 


DATA  ELEMENT  NAME: 

Quant ized_Coe  f  ficients 

DESCRIPTION:  Quantized  numerator  and  denominator 
coefficients  using  a  16-bit  integer  representation.  The 
sample  period  constant  is  also  passed  as  a  scaled  integer. 

FROM  PROCESS: 

5.4 

DATA  ELEMENT  NAME: 

Poss ible_New_Des ign 

DESCRIPTION:  If  the  analysis  shows 

specifications  have  not  been  met.  a 
accomplished  and  passed  to  process  5.1. 

that 

new 

performance 
design  is 

FROM  PROCESS: 

5.5 

DATA  ELEMENT  NAME: 

Sc  al ed_Coe  f ficients 

DESCRIPTION:  Scaled  versions  of 

coefficients  to  reduce  the  probability 
overflow. 

the 
o  f 

controller 

arithmetic 

FROM  PROCESS: 

5.6 

DATA  ELEMENT  NAME: 

Samp  1 e_pe  r iod 

DESCRIPTION: 

Integer  number  that 

represents  the 

sample  period  to  be  used  on  the  TMS32010  EVM  board.  This  is 
a  scaled  number  to  account  for  the  limited  range  of  sample 
times  available  on  the  board. 


FROM  PROCESS:  5.7 
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DATA 

ELEMENT  NAME: 

Ob  j  e  c  t_Code 

will 

DESCRIPTION: 
implement  the 

TMS32010  object  code  that  when  executed 
digital  controller. 

FROM  PROCESS: 

5.8 

DATA 

ELEMENT  NAME: 

Digital_Controller 

DESCRIPTION:  Digital  controller  that  it  ready 

execute  the  controller  algorithm. 

t  0 

FROM  PROCESS: 

5.9 

DATA 

ELEMENT  NAME: 

Te  s t_Re qu i r emen t  s 

uaer 

DESCRIPTION: 

• 

Test  requirements  as  specified  by 

the 

FROM  PROCESS: 

6.1 

DATA 

ELEMENT  NAME: 

Command_Str ing 

DESCRIPTION:  ASCII  command  itring  that  represents 
the  coaaandt  to  be  sent  to  the  prograaaable  test  equipment 
to  set  up  the  proper  functions,  ranges,  etc. 

FROM  PROCBSS : 

6.2 

DATA 

ELEMENT  NAME: 

Programme d_Te  s  t_Equ ip men t 

DESCRIPTION: 
the  test  equipment 
performed. 

After  receipt  of  the  command  string, 
is  properly  configured  for  tests  to  be 

FROM  PROCESS: 

6.3 
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DATA  ELEMENT  NAME:  Test_Sequenc e 

DESCRIPTION:  Sequence  of  test  operations  performed  by 
the  programmable  test  equipment. 

FROM  PROCESS:  6.4 


DATA  ELEMENT  NAME:  Test.Data 

DESCRIPTION:  Results  from  tests  performed  by  test 

equipment . 


FROM  PROCESS:  6.5 


•T. _ 


Sect  ion  3.0  Process  Descriptions 


PROCESS  NO: 

1.0 

PROCESS  NAME: 

Establish  System  Performance  Specifications 

DESCRIPTION:  Establishes  system  performance 

specifications  for  the  system  under  investigation. 
Performed  by  the  user  external  to  DICES. 

ALIASES: 

PROCESS  NO: 

2.0 

PROCESS  NAME: 

Develop  Plant  Model 

DESCRIPTION:  Develop  a  mathematical  model 
under  investigation  which  is  later  used  as 
the  controller  design. 

for  the  plant 
the  basis  for 

ALIASES: 

PROCESS  NO: 

3.0 

PROCESS  NAME: 

Simulate  Plant  Model 

DESCRIPTION:  Using  conventional  analog  computer 

techniques,  the  plant  model  is  simulated  for  use  during  the 
hybrid  simulation.. 

ALIASES: 

PROCESS  NO:  3.1 


PROCESS  NAME:  Display  Simulation  Options 

DESCRIPTION:  Presents  user  with  various  options  to  assist 

in  the  simulation  process. 


ALIASES: 


PROCESS  NO: 

3.2 

PROCESS  NAME: 

Patch-Dp  Equations 

DESCRIPTION: 

Physical  process  of 

actually 

wiring  the 

analog  computer 

circuits  to  implement 

the  plant 

model. 

ALIASES: 

PROCESS  NO:  3.3 

PROCESS  NAME:  Test  Simulation  Model 
DESCRIPTION:  Stimulation  of  the  closed  or  open-loop  system 


performance  obtained  by  ICECAP  or  TOTAL 
ALIASES: 


PROCESS  NO:  3.4 

PROCESS  NAME:  Connect  Controller 

DESCRIPTION:  Physically  inserting  the  digital  controller 

into  either  the  forward  or  feedback  path  of  the  simulation. 

ALIASES: 


PROCESS  NO:  4.0 

PROCESS  NAME:  Design  Controller 

DESCRIPTION:  Obtain  the  transfer  function  of  a  digital 

t  c  1  o  s 

perform  within  the  established  performance  specifications 
ALIASES: 


PROCESS  NO:  4.1 


PROCESS  NAME:  Access  CAD  Package 

DESCRIPTION:  Connect  the  user  to  a  CAD  package  (ICECAP) 

to  allow  design  of  the  controller. 

ALIASES: 


PROCESS  NO:  4.2 

PROCESS  NAME:  Standard  Design  Techniques 

DESCRIPTION:  Using  standard  design  techniques,  obtain  the 

controller  transfer  function  which  will  cause  the  system  to 
perform  within  specifications. 

ALIASES: 


PROCESS  NO:  4.3 

PROCESS  NAME:  Analyze  System  Performance 

DESCRIPTION:  Using  the  controller  design,  obtain  the 
analytical  performance  characteristics  of  the  closed-loop 
system  and  compare  with  the  desired  specifications. 

ALIASES: 


PROCESS  NO:  4.4 

PROCESS  NAME:  Save  Controller  Coefficients 

DESCRIPTION:  Stores  the  coefficients  of  the  controller  to 

allow  later  access  by  DICES. 

ALIASES: 
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PROCESS  NO:  5.0 


PROCESS  NAME:  Implement  Controller 

DESCRIPTION:  Using  the  analytical  design  of  the  digital 
controller,  implement  with  a  filter  structure  of  cascade 
second-order  filter  sections. 

ALIASES: 


PROCESS  NO: 

5.1 

PROCESS  NAME: 

Retrieve  Controller  Factors 

DESCRIPTION:  Retrieve  the 
controller  from  memory  to 
implementation  process. 

stored  factors  for  the 

be  used  in  the  filter 

ALIASES: 

PROCESS  NO: 

5.2 

PROCESS  NAME: 

Pick  Filter  Structure 

DESCRIPTION: 
t  o  imp  1 e  me  n  t 
11,  or  2X) . 

Select  the  structure  of  the 
the  second-order  sections. 

filter  des ired 
(ID,  2D.  3D,  4  D , 

ALIASES: 

PROCESS  NO:  5.3 

PROCESS  NAME:  Pole-Zero  Pairing 

DESCRIPTION:  Pairs  the  controller  poles  and  zeros  using 

an  algorithm  to  minimize  the  effects  of  coefficient 
quant izat ion, 

ALIASES: 


PROCESS  NO:  5.4 


PROCESS  NAME:  Quantize  Coefficients 

DESCRIPTION:  Quantizes  the  coefficients  of  the  controller 

into  16-bit  digital  values  for  implementation  on  the 
TMS32010  microprocessor. 

ALIASES: 


PROCESS  NO: 

5.5 

PROCESS  NAME: 

Re-Analyze  Performance 

DESCRIPTION:  Using  the  'new'  quantized 
analyze  the  design  using  ICECAP. 

coe  f  f ic ient  s , 

re- 

ALIASES: 

PROCESS  NO: 

5.6 

PROCESS  NAME: 

Scale  Factor  and  Ordering 

DESCRIPTION:  Determines  the  proper  scale  factor  for  the 
controller  algorithm  to  avoid  overflow.  Orders  the  second- 
order  sections  to  minimize  the  effects  of  round-off  and 
coefficient  quantization  noise. 

ALIASES: 

PROCESS  NO: 

5.7 

PROCESS  NAME: 

Sample-Period  Selection 

DESCRIPTION: 

Selects  s a mp  1  e -p e r  i  o d 

to  be  used  on 

the 

TMS32010  EVM  board  to  sample  the  inpnt  signal. 


ALIASES: 


PROCESS  NO:  5.8 
PROCESS  NAME:  Generate  Code 

DESCRIPTION:  Loads  the  quantized  coefficients  and  sample- 

period  into  the  TMS32010  digital  filter  source  file.  The 
source  file  is  then  assembled  into  object  cods  using  the 
TMS32010  Assembler 

ALIASES: 


PROCESS  NO:  5.9 

PROCESS  NAME:  Load  TMS32010  Object  Code 

DESCRIPTION:  Loads  the  TMS32010  object  code  into  the 

program  memory  of  the  TMS32010  EVM  for  execution. 

ALIASES: 


PROCESS  NO:  6.1 

PROCESS  NAME:  Obtain  Test  Requirements 

DESCRIPTION:  Obtains  the  test  requirements  from  the  user 

for  the  sys tern-under- t e s t . 

ALIASES: 


PROCESS  NO:  6.2 

PROCESS  NAME:  Build  Command  String 
DESCRIPTION:  Assembles  the  required  ASCII  character 


test  equipment 
ALIASES: 


PROCESS  NO: 

6.3 

PROCESS  NAME: 

Send  Command  String 

DESCRIPTION:  Sends  the  command  string  to  each  piece  of 
test  equipment  that  requires  remote  programming  to  perform 
a  particular  test. 

ALIASES: 

PROCESS  NO: 

6.4 

PROCESS  NAME: 

Initiate  Test 

DESCRIPTION: 

Starts  the  test  sequence. 

ALIASES: 

PROCESS  NO:  6.5 


PROCESS  NAME:  Receive  Test  Results 

DESCRIPTION:  Collects  results  frost  the  various  tests  that 

have  been  performed  on  the  system-under-test. 


ALIASES: 


NODULE  NAME:  ANYCOMPZEROS 

DESCRIPTION:  Determines  if  any  complex  zeros  ere  available 

(exist  or  not  nsed  in  the  pairing  process  yet). 

CALLS:  None 


NODULE  NAME:  ANYREALZEROS 

DESCRIPTION:  Determines  if  any  real  zeros  are  available 
(exist  or  not  nsed  yet  in  the  pairing  process). 

CALLS:  None 


MODULE  NAME:  CALCFREQSPAN 

DESCRIPTION:  Calculated  proper  frequency  span  setting  for 

the  B/K  2032  in  order  to  get  the  proper  time  base  for  step 
response  tests. 

CALLS:  None 


MODULE  NAME:  CHARTONUM 

DESCRIPTION:  Converts  a  single  input  character  to  a  single 
integer . 

CALLS:  None 


MODULE  NAME:  CBGCO 

DESCRIPTION:  Reads  an  ASCII  file  program  file,  modifies 

lines  168-188,  and  then  revrites  the  file  back  under 
original  name.  Deletes  the  temporary  file  that  is  used. 

CALLS:  None 


1  j  r.  ■  j  j 


'J  J1.  T„  ll'j  if ;  i'_  Vfj.fj  r_  t.!ji  nm±M  -jwwmaa 


MODULE  NAME:  CLEASSCREEN 
DESCRIPTION:  Clears  the  CRT  icreen. 

CALLS:  None 


MODULE  NAME:  CLOSEST1ZERO 

DESCRIPTION:  Finds  closest  single  pole  to  a  given 

reference  pole. 

CALLS:  None 


MODULE  NAME:  CLOSESTREALPAIRC 

DESCRIPTION:  Finds  the  closest  real  pair  of  zeros  to  a 

reference  pole  (assises  that  the  reference  pole  is 
complex)  . 

CALLS:  None 


MODULE  NAME:  CLOSESTCOMPLEXPAIR 

DESCRIPTION:  Finds  closest  complex  pair  of  zeros  to 

reference  pole  (assumes  that  two  or  more  zeros  are 
available)  . 

CALLS:  None 


MODULE  NAME:  CLOSESTREALPAIRR 

DESCRIPTION:  Finds  closest  real  pair  of  zeros  to  reference 

pole  (assumes  reference  pole  is  real). 


CALLS:  None 


MODULE  NAME:  CONFIGEQUIP 

DESCRIPTION:  Determine*  if  test  equipment  is  turned  on  and 

configures  equipment  to  initial  default  settings  if  on.  If 
not  on,  it  simply  returns.  Prints  a  'DICES'  message  on  the 
B/K  if  turned  on. 

CALLS:  INITCONFIG 


MODULE  NAME: 

CONVCHAR 

DESCRIPTION:  Converts  a  real  number  between  0  and  10  to  a 

3-character  string,  e.g.,  2.34S4  is  converted  to  '2.3*. 

CALLS: 

None 

MODULE  NAME: 

CONVCHARFS 

DESCRIPTION: 
a  5-character 
is  converted 

Converts  a  real  number  between  0  and  25600  to 
string  with  no  decimal  point,  e.g.,  232.3454 
to  '232  '. 

CALLS: 

None 

MODULE  NAME: 

DICES 

DESCRIPTION: 
all  the  other 

Main  module  that  coordinates  all  the  calls  to 
subrout ine  s . 

CALLS: 

CLBARSCREEN,  RDORDER,  RDBTF ,  PAIR,  WAIT, 
MULTRTS 

MODULE  NAME: 

FDVlCDISP 

DESCRIPTION:  Call  to  Forms  Management  System  (FMS)  to 
display  a  particular  form  from  the  declared  library. 


CALLS:  None 


i  a 


NODDLE  NAME: 

FDVlOET 

DESCRIPTION: Cal 1  to  Forms  Management  System  (FMS)  to  get  a 
field  value. 

CALLS: 

None 

MODULE  NAME: 

FDVlGETAL 

DESCRIPTION: 
all  the  field 

Callto  Forms  Management  System  (FMS)  to  get 
values  from  a  particular  form. 

CALLS: 

None 

MODULE  NAME: 

FDVilNIT 

DESCRIPTION: 

System. 

Initializes  VMS  to  use  the  Forms  Management 

CALLS: 

None 

MODULE  NAME: 

FDViLCHAN 

DESCRIPTION: 

Opens  a  channel  in  VMS  to  use  FMS. 

CALLS: 

None 

MODULE  NAME: 

FDVlLOPEN 

DESCRIPTION: 
System  nse. 

Opens  user  form  library  for  Forms  Management 

CALLS: 

None 
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NODULE  NAME:  INITCONFIG 


DESCRIPTION:  Initializes  the  B/K  2032  and  Wavetek  172B  to 
default  settings.  Stores  the  set-ups  in  the  B/K  for  later 
use  by  DICES. 

CALLS:  WRITEMSG 


MODULE  NAME:  MARK1Z 

DESCRIPTION:  Marks  one  real  zero  in  vector  that  contains 

index  numbers  of  zeros  that  are  available  for  pairing. 

CALLS:  None 


MODULE  NAME:  MARK2Z 

DESCRIPTION:  Marks  two  real  zeros  in  vector  that  contains 

index  numbers  of  zeros  that  are  available  for  pairing. 

CALLS:  None 


MODULE  NAME:  MULTRTS 

DESCRIPTION:  Multiplies  out  the  roots  of  the  numerator  and 
denominator  of  each  second-order  section  to  yield  first  or 
second  order  polynomials.  The  coefficients  are  then 
quantized  and  converted  to  a  16-bit  integer  representation 
for  execution  on  the  TMS32010. 


CALLS:  None 


MODULE  NAME:  PAIR 


DESCRIPTION:  Pairs  the  poles  and  zeros  of  the  controller 
into  first  or  second  order  sections  using  an  algorithm 
described  in  Phillips  and  Nagle  (13). 

CALLS:  MARK1Z 

HARK2Z 

ANTCOMPZEROS 

ANYREALZEROS 

CLOSEST1ZERO 

CLOSESTREALPAIRR 

CLOSESTREALPAIRC 

CLOSESTCOMPLEXPAIR 


MODULE  NAME:  PAIRPRT 

DESCRIPTION:  Prints  the  file  PAIR.PRT  on  the  line  printer. 

CALLS:  None 


MODULE  NAME:  RDHTF 

DESCRIPTION:  Reads  data  file  MEMORY.DAT  to  extract  the 

zeros  and  poles  of  the  compensator  as  designed  nsing 
ICECAP. 

CALLS:  None 


MODULE  NAME:  RDORDER 

DESCRIPTION:  Reads  the  order  of  the  nnmerator  and 

denominator,  the  loop  sensitivity  (HE),  and  the  sample 
period  of  the  compensator  from  MEMORY.DAT. 


CALLS:  None 


MODULE  NAME:  SETBKINLEVEL 

DESCRIPTION:  Programs  the  proper  maximum  input  level 

value  into  the  B/K. 

CALLS:  VRITEMSG 

CONVCHAR 


MODULE  NAME:  SIXCHAR 

DESCRIPTION:  Converts  six  character  digits  to  an  integer 
numb  e  r . 

CALLS:  None 


MODULE  NAME:  THREECHAR 

DESCRIPTION:  Converts  three  character  digits  to  an  integer. 
CALLS:  None 

MODULE  NAME:  TWOCHAR 

DESCRIPTION:  Converts  two  character  digits  to  an  integer. 
CALLS:  None 


MODULE  NAME:  WAIT 

DESCRIPTION:  Displays  a  message  to  hit  RETURN  when  ready  to 
continue  and  waits  for  the  RETURN  to  be  entered. 


CALLS:  None 


MODULE  NAME:  WAITSTART 


DESCRIPTION:  Waits  for  the  pressing  of  the  'START'  button 
on  the  B/E  2032  (CONTROL).  Used  to  signal  DICES  that  user 
is  ready  to  initiate  test.  Moves  B/E  field  selector  to 
cursor  position  to  allow  user  to  determine  frequency,  time, 
and/or  amplitude  values  from  display. 

CALLS:  WRITEMSG 


MODULE  NAME:  WRITEMSG 

DESCRIPTION:  Takes  any  length  character  string  and  adds  a 

Linefeed  character  to  the  end.  This  character  is  used  as 
an  IEEE-488  terminator  character  to  signal  the  end  of  the 
message.  This  routine  also  determines  length  of  message  and 
adds  one  because  of  the  LF  character.  Routine  receives  the 
device  number  of  device  to  receive  message.  Calls  the  IBUPU 
function  which  sends  the  message  to  the  specified  device. 

CALLS:  WRITEMSG 

IBUPU  (function) 


The  following  is  a  very  brief  description  of  data  flow 
diagrams  taken  from  Houpis  and  Lamont  (6:427-433). 

Data  Flow  Diagrams  (DFDs)  are  used  to  portray 
processes  and  their  interrelationships  (see  figure  C-l). 
Various  levels  of  of  diagrams  are  used  to  build  a  hierarchy 
of  processes.  This  hierarchy  permits  system  overview  at  the 
high  levels  and  process  details  at  the  low  levels. 

A  DFD  is  a  graphical  representation  of  a  system 
emphasizing  the  data  flow  of  the  overall  process.  The 
important  aspect  of  the  DFD  is  its  ability  (if  it  used 
properly)  to  represent  the  component  processes  of  the 
system  and  also  their  respective  interfaces.  Many  logical 
errors  can  occur  in  system  software  design  if  the 
information  being  transferred  from  process  to  process  is 
not  specified  properly. 

In  generating  a  DFD,  it  is  best  to  focns  first  on  the 
input  and  output  data  flows  in  order  to  establish  the  DFD 
context.  Next,  the  additional  circles  (processes)  are  added 
to  connect  the  input  and  output,  resulting  in  an  overall 
data  flow.  As  the  circles  are  added,  it  is  necessary  to  try 
to  define  processes  as  activities  at  the  same  level  (i.e., 
manipulating  the  same  level  of  data  structures,  or  the  same 
level  of  actions). 

In  defining  the  processes  as  well  as  the  data  items, 
labels  are  used  that  represent  the  physical  reality  of  the 
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Nodule:  PAIR.THS 


Pole-Zero  Pairing  Test 

This  test  was  designed  to  test  the  pole-zero  pairing 
algorithm  implemented  in  PAIR.THS.  The  teat  input  data 
consisted  of  12  combinations  of  poles  and  zeros. 

Each  test  combination  was  chosen  to  test  a  particular 
path  through  the  algorithm  flowchart.  For  each  combination, 
the  path  taken  through  the  algorithm  flowchart  is  shown 
along  with  the  pole-zero  map. 

Each  test  case  pole-zero  map  also  shows  the 
algorithm's  pairing  of  the  poles  and  zeros  (which  were 
correct  in  every  case).  This  is  shown  by  dotted  lines 
around  the  pole-zero  pairs. 

Each  test  data  print-out  shows  the  number  of  sections 
required  to  form  the  filter,  the  poles  and  zeros  of  the 
filter,  and  the  pole-zero  pairs  for  each  of  the  required 
sect  ions . 

An  example  of  the  computer  printout  of  the  test  data 
and  path  through  the  algorithm  follows  on  the  next  page  for 
teat  case  2B. 

Test _ Smm.  All  the  pole-zero  pairings  were 

executed  as  expected.  The  module  appears  to  meet  all  the 
requirements  placed  upon  it. 


Exaaple  of  Test  Date  Print-out: 


TEST  CASE  2B 


#  OF  SECTIONS  3  < -  #  of  sections  required 

ZEROS 

(0.3000000,0.1000000) 

(0.3000000,-0.1000000) 

(0.5000000,0.2000000)  < -  Unpaired  zeros  of  filter 

(0.5000000,-0.2000000) 

(0.5000000 , 0 . 0000000E+00 ) 

POLES 

(0.5000000,0.3000000) 

(0.5000000,-0.3000000) 

(0.3000000,0.2000000)  < -  Unpaired  poles  of  filter 

(0.3000000,-0.2000000) 

(0. 6000000. O.OOOOOOOE+OO) 


SECTION  NUMBER  *  1 

ZEROS ( 1 )  = 
ZEROS ( 2 )  = 

(0.5000000, 0.0000000E+00) 
(9999.000,9999.000) 

< - Sect 

#1 

zeros 

POLES ( 1 )  = 
POLES ( 2 )  = 

(0.6000000, O.OOOOOOOE+OO) 
(9999.000,9999.000) 

< - Sect 

#1 

t*e< 

poles 

SECTION  NUMBER  =  2 


ZEROS ( 1 )  = 
ZEROS ( 2 )  - 

(0.5000000,0.2000000) 

(0.5000000,-0.2000000) 

< - Sect 

#2 

zeros 

POLES ( 1 )  = 
POLES(2)  = 

(0.5000000,0.3000000) 

(0.5000000,-0.3000000) 

< - Sect 

n 

>  •  *  < 

poles 

SECTION  NUMBER  «  3 


ZEROS(l)  - 
ZEROS ( 2 )  - 

(0.3000000,0.1000000) 

(0.3000000,-0.1000000) 

< - Sect 

#3 

zeros 

POLES(l)  - 
POLES ( 2 )  * 

(0.3000000,0.2000000) 

(0.3000000,-0.2000000) 

< - Sect 

#3 

poles 

Note:  9999.000  represents  unused  poles  and  zeros 


Case  A  tests  consisted  of  an  even  nnmber  of  poles  and 
combinations  of  zeros. 

Case  B  consisted  of  all  Case  A  poles  and  zeros  pins  1 
real  pole  and  zero. 

The  test  results  are  shown  in  figures  D-2  through  D-7 . 
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1A 
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2A 
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Complex 

3A 

Comp  lex 

Real  and  Complex 

4A 

Real 

Real 

5A 

Real 

Complex 

6A 

Real 
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Pole* 

Zeros 

IB 

Complex 

and 

Real 

Real 

2B 

Complex 

and 

Real 

Comp  lex 

3B 

Complex 

and 

Real 

Real  and 

Complex 

4B 

Real 

Real 

SB 

Real 

Real  and 

Comp  lex 

6B 

Real 

Real  and 

Complex 

TEST  CASE  1A 
#  OF  SECTIONS  2 

ZEROS 

(0.2000000. O.OOOOOOOE+OO) 
(0. 3000000, 0.0000000E+00) 
(0.8000000, O.OOOOOOOE+OO) 
(0.9000000, O.OOOOOOOE+OO) 
POLES 

(0.50000 00,0.3000000) 
(0.5000000.-0.3000000) 
(0.3000000,0.2000000) 
(0.3000000,-0.2000000) 


SECTION  NUMBER 


ZEROS ( 1 )  =  (0.3000000, O.OOOOOOOE+OO) 

ZEROS ( 2 )  =  (0.2000000, O.OOOOOOOE+OO) 

POLES ( 1 )  =  (0.5000000.0.3000000) 

POLES ( 2 )  =  (0.5000000,-0.3000000) 


•  ••••• 


SECTION  NUMBER 


ZEROS ( 1 )  =  (0.8000000, O.OOOOOOOE+OO) 

ZEROS  ( 2 )  *  (0.9000000, O.OOOOOOOE+OO) 

POLES  ( 1 )  =  (0.3000000,0.2000000) 

POLES ( 2 )  =  (0.3000000,-0.2000000) 


TEST  CASE  IB 


#  OF  SECTIONS  3 
ZEROS 

(0.2000000, O.OOOOOOOE+OO) 
(0. 3000000, 0.0000000E+00) 
(0. 8000000, 0.0000000E+00) 
(0. 9000000, O.OOOOOOOE+OO) 
(0. 5000000, O.OOOOOOOE+OO) 


POLES 

(0.5000000,0.3000000) 

(0.5000000.-0.3000000) 

(0.3000000,0.2000000) 

(0.3000000.-0.2000000) 

(0. 6000000, O.OOOOOOOE+OO) 


SECTION  NUMBER  =  1 


ZEROS ( 1 ) 
ZEROS ( 2 ) 
POLES ( 1 ) 
POLES ( 2 ) 


( 0.5000000, 0.0000000E+00) 
(9999.000,9999.000) 
(0.6000000. 0.0000000E+00) 
(9999.000,9999.000) 


SECTION  NUMBER  =  2 


ZEROS ( 1 ) 
ZEROS ( 2 ) 
POLES ( 1 ) 
POLES ( 2 ) 


(0.3000000, O.OOOOOOOE+OO) 
(0.2000000, O.OOOOOOOE+OO) 
(0.5000000,0.3000000) 
(0.5000000,-0.3000000) 


SECTION  NUMBER  -  3 


ZEROS ( 1 ) 
ZEROS ( 2 ) 
POLES ( 1 ) 
POLES ( 2 ) 


(0.8000000, O.OOOOOOOE+OO) 
(0.9000000, O.OOOOOOOE+OO) 
(0.3000000,0.2000000) 
(0.3000000.-0.2000000) 


TEST  CASE  2A 


#  OF  SECTIONS  2 

ZEROS 

(0.3000000,0.1000000) 

(0.3000000,-0.1000000) 

(0.5000000,0.2000000) 

(0.5000000,-0.2000000) 

POLES 

(0.5000000,0.3000000) 

(0.5000000,-0.3000000) 

(0.3000000,0.2000000) 

(0.3000000,-0.2000000) 


SECTION  NUMBER  *  1 


ZEROS ( 1 ) 
ZEROS (2) 
POLES ( 1 ) 
POLES (2) 


(0.5000000,0.2000000) 

(0.5000000,-0.2000000) 

(0.5000000,0.3000000) 

(0.5000000,-0.3000000) 


SECTION  NUMBER  =  2 


ZEROS ( 1 ) 
ZEROS ( 2 ) 
POLES ( 1 ) 
POLES ( 2 ) 


(0.3000000.0.1000000) 

(0.3000000.-0.1000000) 

(0.3000000.0.2000000) 

(0.3000000.-0.2000000) 


TEST  CASE  2B 


#  OF  SECTIONS  3 

ZEROS 

(0.3000000.0.1000000) 

(0.3000000.-0.1000000) 

(0.5000000.0.2000000) 

(0.5000000.-0.2000000) 

(0. 5000000. O.OOOOOOOE+OO) 


POLES 

(0.5000000.0.3000000) 
(0.5000000.-0.3000000) 
(0.3000000.0.2000000) 
(0.3000000.-0.2000000) 
(0.6000000, 0.0000000E+00) 


SECTION  NUMBER  =  1 

ZEROS ( 1 )  = 

(0.5000000, O.OOOOOOOE+OO) 

ZEROS ( 2 )  = 

(9999.000,9099.000) 

POLES(l)  = 

(0.6000000, 0.0000000E+00) 

POLES ( 2 )  = 

(9999.000,9999.000) 

SECTION  NUMBER  =  2 


ZEROS ( 1 )  = 

(0.5000000,0.2000000) 

ZEROS ( 2 )  = 

(0.5000000.-0.2000000) 

POLES  (  1 )  =* 

(0.5000000,0.3000000) 

POLES ( 2 )  = 

(0.5000000.-0.3000000) 

SECTION  NUMBER  =  3 


ZEROS ( 1 )  =  (0.3000000,0.1000000) 

ZEROS ( 2 )  =  (0.3000000,-0.1000000) 

POLES ( 1 )  =  (0.3000000.0.2000000) 

POLES ( 2 )  =  (0.3000000,-0.2000000) 
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TEST  CASE  3B 


#  OF  SECTIONS  3 

ZEROS 

(0.3000000,0.1000000) 

(0.3000000,-0.1000000) 

(0. 2000000, 0.0000000E+00) 
( 0.3 000000, 0.0000000E+00) 
(0. 8000000, O.OOOOOOOE+OO) 


POLES 

(0.3000000.0.3000000) 

(0.5000000,-0.3000000) 

(0.3000000,0.2000000) 

(0.3000000,-0.2000000) 

(0. 6000000, 0.0000000E+00) 


SECTION  NUMBER  =  1 


ZEROS ( 1 )  «  (0.8000000. 0.0000000E+00) 

ZEROS ( 2 )  =  (9999.000.9999.000) 

POLES(l)  *  (0.6000000, O.OOOOOOOE+OO) 

POLES (2 )  =  (9999.000,9999.000) 


SECTION  NUMBER  =  2 


ZEROS ( 1 )  =  (0.3000000.0.1000000) 

ZEROS ( 2 )  =  (0.3000000.-0.1000000) 

POLES ( 1 )  =  (0.5000000,0.3000000) 

POLES ( 2 )  =  (0.5000000.-0.3000000) 


SECTION  NUMBER 


ZEROS ( 1 )  =  (0.3000000, O.OOOOOOOE+OO) 

ZEROS ( 2 )  =  (0.2000000, O.OOOOOOOE+OO) 

POLES  ( 1 )  =  (0.3000000,0.2000000) 

POLES ( 2 )  =  (0.3000000,-0.2000000) 


ZEROS 

(0.1000000,0 

(0.3000000,0 

(0.5000000.0 

(0.7500000.0 

POLES 

(0.2000000.0 

(0.3000000,0 

(0.8000000,0 

(0.9000000.0 

** 


.  OOOOOOOE+OO ) 
.  0000000E+00 ) 
.  0000000E+00 ) 
.  OOOOOOOE+OO ) 

.  0000000E+00 ) 
.  0000000E+00 ) 
.  0000000E+00 ) 
.  OOOOOOOE+OO ) 

**• 


SECTION  NUMBER  = 

*•»•••**•••**•*••*< 


ZEROS ( 1 )  =  (0.7500000.0. 0000000E+00) 
ZEROS ( 2 )  =  (0.1000000,0. OOOOOOOE+OO) 
POLES ( 1 )  =  (0.9000000,0. OOOOOOOE+OO) 
P0LES(2 )  -  (0.2000000,0. OOOOOOOE+OO) 


TEST  CASE  4B 


#  OF  SECTIONS 


ZEROS 

(0.1000000.0. OOOOOOOE+OO) 
(0.3000000,0. OOOOOOOE+OO) 
(0. 5000000, 0.OOOOOOOE+OO) 
(0.7500000,0.00000008+00) 
(0. 7000000, 0.  OOOOOOOE+OO) 


POLES 

(0.2000000.0. 

(0.3000000,0, 

(0.8000000,0. 

(0.9000000,0. 

(0.8000000.0. 


OOOOOOOE+OO ) 
OOOOOOOE+OO ) 
OOOOOOOE+OO) 
OOOOOOOE+OO) 
OOOOOOOE+OO) 


= 

1 

SECTION  NUMBER  = 


ZEROS ( 1 )  =  (0.7500000.0. OOOOOOOE+OO) 
ZER0S(2)  =  (0.1000000,0. OOOOOOOE+OO) 
POLES ( 1 )  =  (0.9000000.0. OOOOOOOE+OO) 
POLES ( 2 )  =  (0.2000000,0. OOOOOOOE+OO) 

SECTION  NUMBER  =  2 


ZEROS ( 1 )  -  (0.7000000,0. OOOOOOOE+OO) 
ZEROS ( 2 )  *  (0.3000000,0. OOOOOOOE+OO) 
POLES ( 1 )  =  (0. 8000000.0. OOOOOOOE+OO) 
POLES ( 2 )  =  (0.3000000,0. OOOOOOOE+OO) 


SECTION  NUMBER 


ZEROS ( 1 )  =  (0.5000000,0. OOOOOOOE+OO) 

ZEROS ( 2 )  =  (9999.000,9999.000) 

POLES ( 1 )  =  (0.6000000,0 .OOOOOOOE+OO) 

POLES ( 2 )  =  (9999.000,9999.000) 


TEST  CASE  5 A 


#  OF  SECTIONS  2 

ZEROS 

(0.3000000,0.2000000) 

(0.3000000,-0.2000000) 

(0.7000000,0.2000000) 

(0.7000000,-0.2000000) 

POLES 

(0. 2000000 .O.OOOOOOOE+OO) 
(0. 3000000, O.OOOOOOOE+OO) 
(0. 8000000, O.OOOOOOOE+OO) 
(0. 9000000, O.OOOOOOOE+OO) 


SECTION  NUMBER  =  1 

ZEROS ( 1 )  =  (0.7000000,0.2000000) 

ZEROS ( 2 )  =  (0.7000000.-0.2000000) 

POLES(l)  =  (0.9000000, O.OOOOOOOE+OO) 

POLES ( 2 )  =  (0.2000000, O.OOOOOOOE+OO) 


SECTION  NUMBER  =  2 


ZEROS ( 1 )  =  (0.3000000.0.2000000) 

ZEROS (2)  »  (0.3000000.-0.2000000) 

POLES ( 1 )  =  (0.8000000. O.OOOOOOOE+OO) 

POLES (2)  =  (0.3000000, O.OOOOOOOE+OO) 


TEST  CASE  5B 


#  OF  SECTIONS  3 

ZEROS 

(0.3000000.0.2000000) 

(0.3000000.-0.2000000) 

(0.7000000.0.2000000) 

(0.7000000,-0.2000000) 

(0. 7000000, O.OOOOOOOE+OO) 


POLES 

(0.2 000000. 0.0000000E+00) 
( 0.3000000. O.OOOOOOOE+OO) 
(0.8000000, O.OOOOOOOE+OO) 
(0.90000 00, O.OOOOOOOE+OO) 
(0.6000000. O.OOOOOOOE+OO) 


= 

1 

SECTION  NUMBER  = 


ZEROS ( 1 )  =  (0.7000000,0.2000000) 

ZEROS ( 2 )  =  (0.7000000,-0.2000000) 

POLES(l)  =  (0.9000000, O.OOOOOOOE+OO) 

POLES ( 2 )  =  (0.2000000, O.OOOOOOOE+OO) 

SECTION  NUMBER  =  2 

** 


ZEROS ( 1 )  =  (0.3000000.0.2000000) 

ZEROS ( 2 )  =  (0.3000000,-0.2000000) 

POLES ( 1 )  =  (0.8000000. O.OOOOOOOE+OO) 

POLES  ( 2 )  =  (0.3000000, O.OOOOOOOE+OO) 


SECTION  NUMBER 


ZEROS  ( 1 )  =  (0.7000000, O.OOOOOOOE+OO) 

ZEROS ( 2 )  =  (9999.000,9999.000) 

POLES ( 1 )  =  (0.6000000, O.OOOOOOOE+OO) 

POLES ( 2 )  =  (9999.000,9999.000) 


TEST  CASE  6k 


#  OF  SECTIONS  2 

ZEROS 

(0.3000000,0.2000000) 
(0.3000000,-0.2000000) 
(0.1 000000, O.OOOOOOOE+OO) 
(0. 3000000, O.OOOOOOOE+OO) 
POLES 

(0.2 000000, O.OOOOOOOE+OO) 
(0.3000000, O.OOOOOOOE+OO) 
(0.8000000, O.OOOOOOOE+OO) 
(0.9000000, O.OOOOOOOE+OO) 


SECTION  NUMBER  =  1 


ZEROS ( 1 )  =  (0.3000000, O.OOOOOOOE+OO) 
ZEROS ( 2 )  =  (0.1000000, O.OOOOOOOE+OO) 
POLES ( 1 )  =  (0.9000000, O.OOOOOOOE+OO) 
POLES ( 2 )  =  (0.2000000, O.OOOOOOOE+OO) 


•J-rTION  NUMBER  =  2 

*•••#*••**••* r. 

ZEROS ( 1 )  =  (0.3000000,0.2000000) 

ZEROS ( 2 )  =  (0.3000000,-0.2000000) 

POLES ( 1 )  =  (0.8000000, O.OOOOOOOE+OO) 

POLES ( 2 )  =  (0.3000000, O.OOOOOOOE+OO) 


TEST  CASE  6B 


#  OF  SECTIONS  3 

ZEROS 

(0.3000000.0.2000000) 

(0.3000000,-0.2000000) 

(0. 1000000, O.OOOOOOOE+OO) 
(0. 3000000, 0.0000000E+00) 
(0.5000000, O.OOOOOOOE+OO) 


POLES 

(0.2000000, O.OOOOOOOE+OO) 
(0.3000000, O.OOOOOOOE+OO) 
(0. 8000000, O.OOOOOOOE+OO) 
(0 .9000000, O.OOOOOOOE+OO) 
( 0.6000000, O.OOOOOOOE+OO) 


SECTION  NUMBER  = 


ZEROS ( 1 )  = 
ZEROS ( 2 )  = 
POLES ( 1 )  = 
POLES ( 2 )  = 


( 0.5000000, O.OOOOOOOE+OO) 
(0.1 000000, O.OOOOOOOE+OO) 
(0 .9000000 .0 .OOOOOOOE+OO) 
(0 .2000000,0 .OOOOOOOE+OO) 


SECTION  NUMBER  = 


ZEROS ( 1 ) 
ZEROS ( 2 ) 
POLES(l) 
POLES ( 2 ) 


(0.3000000.0.2000000) 
(0.3000000,-0.2000000) 
(0.8000000, O.OOOOOOOE+OO) 
( 0.3000000, O.OOOOOOOE+OO) 


SECTION  NUMBER 


ZEROS ( 1 )  = 
ZEROS ( 2 )  = 
POLES ( 1 )  = 
POLES ( 2 )  « 


( 0.3000000, O.OOOOOOOE+OO) 
(9999.000,9999.000) 

(0. 6000000, O.OOOOOOOE+OO) 
(9999.000,9999.000) 


Module:  RDHTF.THS 


This  module  reads  the  controller  parameters  into  the 
main  program  from  the  data  file  MEMORY.DAT.  The  MEMORT.DAT 
file  is  a  sequential  data  file  that  must  be  read  until  the 
HTF  variable  (variable  from  ICECAP  where  controller 
parameters  are  stored)  is  encountered.  The  variable  TSAMP, 
which  contains  the  sample  period,  is  also  read  into  DICES. 

A  design  session  using  ICECAP  is  executed  in  order  to 
store  a  controller  transfer  function  and  sample-period  in 
the  file  MEMORT.DAT.  This  file  can  be  examined  using  a  text 


editor. 

The  transfer  function  used  for  this  test  is  shown 
below  (TSAMP  =  .1234)  : 


FEEDBACK-LOOP  TRANSFER  FUNCTION  (HTF) 


HK=  (  HNK/  HDK  )=  0.1250 


HTF(S)  NUMERATOR 


1 
1 

2 

3 

4 

5 


HNPOLY ( I ) 

(  0.1250  )S**  4 
(  -0.2468E-0DS**  3 
(  -0 . 1712E-01 ) S**  2 
(  -0. 5104 E- 02) S**  1 
(  0 . 9042E-03 ) 


(  0.5430 
(  0.1230 
(  -0.2343 
(  -0.2343 


HZERO(I) 

)  +  J(  0 . 0000E+00 ) 
)  +  J(  0 . 0000E+00 ) 
)  +  J(  0.2311  ) 

)  +  J(  -0.2311  ) 

HNK=  0.1250 


HTF(S)  DENOMINATOR 


1 
1 

2 

3 

4 

5 

6 


BDPOLY(I) 


(  1.000 
(  -1.121 
(  0.5732 

(  -0.1604 
(  0.2640E 

(  -0.2074E 


)S**  5  ( 

)S**  4  ( 

)S**  3  { 

)S**  2  ( 

01)S**  1  ( 

02) 


HPOLE(I) 

0.2323  )  +  J(  0 . 0000E+00 ) 

0.1232  )  +  J(  0.2123  ) 

0.1232  )  +  J(  -0.2123  ) 

0.3212  )  +  J(  0.2122  ) 

0.3212  )  +  J(  -0.2122  ) 

HDK-  1.000 


Table  D-l.  Test  Transfer  Function 


The  portion  of  MEMORY.DAT  to  be  read  follows: 


350 

.0000000 

.0000000 

.5430000 

.1230000 

351 

-.2343000 

.0000000 

.0000000 

.0000000 

352 

.0000000 

.0000000 

.0000000 

.0000000 

353 

.0000000 

.0000000 

.0000000 

.0000000 

354 

.0000000 

.0000000 

.0000000 

.0000000 

355 

.0000000 

.0000000 

.0000000 

.0000000 

356 

.0000000 

.0000000 

.0000000 

.0000000 

357 

.0000000 

.0000000 

.0000000 

.0000000 

358 

.0000000 

.0000000 

.0000000 

.0000000 

359 

.0000000 

.0000000 

.0000000 

.0000000 

360 

.0000000 

.0000000 

.0000000 

.0000000 

361 

-.2311000 

.  0000000 

.0000000 

.0000000 

362 

.0000000 

.0000000 

.0000000 

.0000000 

363 

.0000000 

.0000000 

.0000000 

.0000000 

364 

.0000000 

.0000000 

.0000000 

.0000000 

365 

.0000000 

.0000000 

.0000000 

.0000000 

366 

.0000000 

.0000000 

.0000000 

.0000000 

367 

.0000000 

.0000000 

.0000000 

.0000000 

368 

.0000000 

.0000000 

.0000000 

.0000000 

369 

.0000000 

.0000000 

.0000000 

.0000000 

370 

.0000000 

.0000000 

.2323000 

.1232000 

371 

.3212000 

.3212000 

.0000000 

.0000000 

372 

.0000000 

.0000000 

.0000000 

.0000000 

373 

.0000000 

.0000000 

.0000000 

.0000000 

374 

.0000000 

.0000000 

.0000000 

.0000000 

375 

.0000000 

.0000000 

.0000000 

.0000000 

376 

.0000000 

.0000000 

.0000000 

.0000000 

377 

.0000000 

.0000000 

.0000000 

.0000000 

378 

.0000000 

.0000000 

.0000000 

.0000000 

379 

.0000000 

.0000000 

.0000000 

.0000000 

380 

.0000000 

.0000000 

.0000000 

.2123000 

381 

.2122200 

-.2122200 

.0000000 

.0000000 

382 

.0000000 

.0000000 

.0000000 

.0000000 

383 

.0000000 

.0000000 

.0000000 

.0000000 

384 

.0000000 

.0000000 

.0000000 

.0000000 

385 

.0000000 

.0000000 

.0000000 

.0000000 

386 

.0000000 

.0000000 

.0000000 

.0000000 

387 

.0000000 

.0000000 

.0000000 

.0000000 

388 

.0000000 

.0000000 

.0000000 

.0000000 

389 

.0000000 

.0000000 

.0000000 

.0000000 

390 

.0000000 

.0000000 

4 

5 

391 

.1250000 

1.000000 

1.000000 

392 

1.00000 

.0000000 

.0000000 

.0000000 

393 

.0000000 

.0000000 

.0000000 

.0000000 

-.2343000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.2311000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.1232000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

-.2123000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.0000000 

.1250000 

.0000000 

.0000000 


Table  D-2.  Partial  MEMORY.DAT  Data  File 


613  .0000000  .0000000  .0000000 

614  1.000000  .0000000  0  0 

615  9 . 9999998E-03  .0000000  0 


.0000000 
0  0 
.1234000 


Table  D-2  (cost).  Partial  MEMORY . OAT  Data  File 


The  module  is  executed  and  the  variable  within 
RDHTF.THS  which  contains  the  controller  parameters  is 
displayed. 


CZERO 

(0. 5430000, O.OOOOOOOE+OO) 
(0. 1230000, 0.Q000000E+00) 
(-0.2343000,0.2311000) 
(-0.2343000,-0.2311000) 

CPOLE 

(0.2 32 3000, 0.0000000E+00) 

(0.1232000,0.2123000) 

(0.1232000,-0.2123000) 

(0.3212000,0.2122200) 

(0.3212000,-0.2122200) 


TSAMP 

.123400 


Table  D-3.  Data  Read  From  MEMORY . DAT 


It  can  be  seen  that  the  coefficients  and  sample-period 


are  properly  read 


Module:  MULTRTS . THS 


This  module  multiplies  the  roots  and  gains  to  produce 
the  second-order  polynomials  that  will  be  implemented  in 
the  digital  controller.  Each  coefficient  is  then  quantized 
and  converted  to  a  16-bit  integer  to  be  used  within  the 
TMS32010  microprocessor. 

The  following  table  shows  the  second-order  sections 
and  the  quantized  coefficients  along  with  the  16-bit 
integer  equivalent. 


> 


354 


.  i- ».«.  i.».  i 


-  \v.-, 


#  OP  SECTIONS 


3 


NUMERATOK  ORDER  4 

DENOMINATOR  ORDER  5 

CZERO 

(0. 5430000, 0.0000000E+00) 

( 0.12 30000, 0.0000000E+00) 

(-0.2343000,0.2311000) 

(-0.2343000,-0.2311000) 

CPOLE 

(0. 2323000, O.OOOOOOOE+OO) 

(0.1232000,0.2123000) 

(0.1232000,-0.2123000) 

(0.3212000,0.2122200) 

(0.3212000,-0.2122200) 


SECTION  NUMBER  =  1 


CORDPZ  ZEROS ( 1 ) 
CORDPZ  ZEROS (2) 
CORDPZ  POLES ( 1 ) 
CORDPZ  POLES ( 2 ) 


(-0.2343000,0.2311000) 

(-0.2343000,-0.2311000) 

(0.3212000,0.2122200) 

(0.3212000,-0.2122200) 


SECTION  NUMBER  -  2 


CORDPZ  ZEROS ( 1 ) 
CORDPZ  ZEROS ( 2 ) 
CORDPZ  POLES (1 ) 
CORDPZ  POLES ( 2 ) 


(0.1230000, 0.0000000E+00) 
(9999.000,9999.000) 

(0.2 32 3000. O.OOOOOOOE+OO) 
(9999.000,9999.000) 


SECTION  NUMBER  =  3 


CORDPZ  ZEROS ( 1 ) 
CORDPZ  ZEROS (2) 
CORDPZ  POLES(l) 
CORDPZ  POLES(2 ) 


(0.54 30000, O.OOOOOOOE+OO) 
(9999.000,9999.000) 
(0.1232000,0.2123000) 
(0.1232000,-0.2123000) 


Table  D-4.  Sections  of  Filter 


QUANTIZATION  ROUTINES 


NUNSECTS 

ADJ 

HK 

FRACHK  = 
TSAMP  = 


3 

1.000010132789612 

0.1250000036663376 

0.4999999945597523 

0.1234000 


SECTION  NUMBER  1 


BO  -  0 

B1  =  0 

B2  *  5 

IBO  = 
IB1  = 
IB2  = 

A1  -  0 

A2  -  -0 
IA1  - 
IA2  = 


5000050609545031 
2343023740190164 
415 23 99803 97032 IE-02 
16384 
7678 
1774 

6424000263214111 

1482067853212357 

21050 

-4855 


SECTION  NUMBER  2 


BO  -  0.5000050609545031 

B1  -  -6. 1500624196153455 E- 02 

IBO  =  16384 

IB1  *  -2014 

A1  =  0.2322999984025955 

IA1  =  7612 


SECTION  NUMBER  3 


BO  =  0 

B1  =  -0 
IBO  = 
IB1  = 

A1  =  0 

A2  =  -6 
IA1  - 
IA2  * 


.5000050609545031 

.2715027395151395 

16384 

-8896 

.2463999986648560 
.02495 3 3 504247 66 5 E-02 
8074 
-1973 


TSAMP  =  0.1234000 

ITSAMP  «  170 


Table  D-5.  Quantized  Filter  Paraaeters 


Nodole:  NEVCO.THS 


This  module  inserts  the  new  coefficients  and  sample- 
period  constant  into  the  source  code  for  the  controller 
program  (  3  DFILT.THS) . 

The  module  MULTRTS.THS  form  a  data  file  called 
NEVCO.THS  which  contain  the  new  filter  coefficients  and  the 
sample  period  constant.  The  file  NEVCO.THS  mnst  be  checked 
prior  to  this  test  to  ensure  its  correct  operation.  This 
check  can  be  made  nsing  the  VMS  text  editor  to  inspect  the 
data  file  for  the  proper  contents. 

The  file  NEVCO.THS  contains  the  new  coefficients: 


16384 

-2014 

0 

7612 

0 

16384 

-8896 

0 

8074 

-1973 

16384 

7678 

1774 

210S0 

-4855 

32767 

0 

0 

0 

0 

170 


Table  D-6.  File  of  New  Data 


The  3DFILT.THS  section  to  be  modified  is  shown  below 


CB01 

DATA 

CB1 1 

DATA 

CB21 

DATA 

CA11 

DATA 

CA21 

DATA 

CB02 

DATA 

CB12 

DATA 

CB22 

DATA 

CA12 

DATA 

CA22 

DATA 

CB03 

DATA 

CB1 3 

DATA 

CB2  3 

DATA 

CA13 

DATA 

CA23 

DATA 

CB04 

DATA 

CB14 

DATA 

CB24 

DATA 

CA14 

DATA 

CA24 

DATA 

SUP 

DATA 

Table  D-7 

.  Or  i 

32767 

0 

0 

0 

0 

32767 

0 

0 

0 

0 

32767 

0 

0 

0 

0 

32767 

0 

0 

0 

0 

800 


Lnal  Filter  Data 


After  execution  of  the  module  CHGCO.THS  the  new  data 
is  now  properly  located  in  the  source  file. 


338 


-  -A1.1  ***  v«  •«  v.vv.* ’•wivrr'Tvj  r,1  vr*'*rv?r. 


CB01 

DATA 

16384 

CB11 

DATA 

-2014 

CB2 1 

DATA 

0 

CA11 

DATA 

7612 

CA21 

DATA 

0 

CB02 

DATA 

16384 

CB12 

DATA 

-8896 

CB22 

DATA 

0 

CA12 

DATA 

8074 

CA22 

DATA 

-1973 

CB03 

DATA 

16384 

CB13 

DATA 

7678 

CB23 

DATA 

1774 

CA13 

DATA 

21050 

CA2  3 

DATA 

-4855 

CB04 

DATA 

32767 

CB14 

DATA 

0 

CB24 

DATA 

0 

CA14 

DATA 

0 

CA24 

DATA 

0 

SMP 

DATA 

170 

Table  D-8.  Modified  Filter  Data 


Test  Summary:  All  coefficients  and  the  s a mp 1 e -p e r i o d 


constant  were  properly  read  in  and  placed  in  the  source 


non 


<;•••••••*■••••••••**»••*••*•••••*••••••••••*••••••••••*• . . 

C  • 

C  DIGITIAL  INTERACTIVE  CONTROLLER  > 

C  • 

C  EVALUATION  SYSTEM  (DICES)  • 

C  * 

C  " 

C  CAPT  SCOTT  ECKERT  • 

C  * 

C************************ . ••••••••••••••••••••••••••••••••• 

PROGRAM  DICES 

<;••••••••••••*•*•••••••••••••••••••••••••••••••••••••••••••••••• 

C 

C  PROGRAN  NAME.*  DICES. THS 
C 

C  AUTHOR*.  CAPT.  SCOTT  B.  ECKERT/GE-85D 
C 

C  DATE:  4  NOVEMBER,  1965 
C 

C  FUNCTION:  DICES  PERMITS  THE  I HPLEHENTATION  OF  A  DIGITAL 

C  CONTROLLER  DESIGNED  USING  THE  ICECAP  CAD  PKG.  IT  THEN 

C  PERMITS  THE  EXECUTION  OF  THE  FILTER  ON  A  TMS32010 

C  MICROPROCESSOR.  THE  CONTROLLER  IS  THEN  INSERTED  INTO  A 

C  CLOSED-LOOP  SIMULATION  USING  AN  ANALOG  COMPUTER  AMD 

C  PERFORMANCE  TESTING  IS  THEN  PERFORMED.  DICES  CONFIGURES  AND 
C  RUNS  THE  TESTS  ON  THE  CLOSED-LOOP  SYSTEM. 

C*** . •••*••*••••*•* . •••••*• . •••••• . . 

COMPLEX  CP0LE<8) ,CZER0(8> ,CORDPZ(16) 

INTEGER  ISECT0RD(4), STINE 
CHARACTER *5  FRQSPAN , FRC , DUR 

CHARACTER  RE3P*3,  FORM'S,  F0RH1'6,  DNAH-3  !FHS 

CHARACTER  FILE -30,  DATA « 253  fFNS 

CHARACTER* 1  OPP  IFNS 

CHARACTER*3  ANPC,ANPCC,0PP3 
CHARACTER *2  0PP2 
CHARACTER *6  OPPS 

THIS  SECTION  SETS  UP  USE  OF  FMS 

DIMENSION  IMPURE  (32) 

CALL  FDV8INIT  <*DESCR< IMPURE) ,  XREF(IOOO)) 

CHAN-2 

CALL  FDVtLCHAN ( CH AN ) 

CALL  FDV6L0PEN ( ' DLIB ' , 1 )  tOPEN  FORM  LIBRARY 

C  FNS  FORMS  USED 
C  MENU1  OPENING  MAIN  MENU 

C  MENU2  PERFORMANCE  SPECS 

C  NENU3  NATH  MODEL  DEVELOPMENT 

C  NENU4  IMPLEMENT  CONTROLLER  MENU 

C  MENUS  ENTERING  ICECAP  MESSAGE 

C  NENU7  'DICES 'BANNER 

C  MENUS  STEP  TEST  AMP  AND  SETTLING  TINE  REQUEST 

C  NEMU9/MEMU10 

C  NENU16  CTRL  T  CTRL  START  MESSAGE  TO  BEGIN  TEST 

C  NENU17  STEP  TEST  IN  PROGRESS 


MICROCOPY  RESOLUTION  TEST  CHART 

- Qi  ior  si 1  Of  c 1  'NDAIOS  1963  * 


-  -»  -I'  -' 


-Vs 


C  MEM018  TMS32010  ASSEMBLER  SOURCE  FILE  MESSAGE 

C  MEMO 19  REPORT  PRXMTXMG  MEMO 

C  MEMU20  RETURNING  TO  VMS  MESSAGE 

C  NEMU21  FREQ  RESPONSE  TEST  XM  PROGRESS 

C  CALL  SUB  TO  SEE  IF  EQUIPMENT  XS  TO  BE  INITIALIZED 
C  IF  BAN  AND  172B  ARE  MOT  TURNED  ON-  MOST  SNIP 
C  INITIALIZATION  SUBROUTINE 
C 

C  DISPLAY  DICES  MESSAGE  WHILE  EQUIPMENT  XS  BEING  CONFIGURED 

CALL  FDVQCDXSP( 'MEMU7' )  IFMS  'MENU7'  IS  'DICES' 

J»IBUPU<0,2,0)  ICLR  ALL  INSTR  ON  IEEE  BUS 

J>XBUPU<0,4,2> 

CALL  CONFIGEQOIP  UNITIALIZE  EQUIPMENT  OM  BUS 

GEMFLG-0  (SET  GENERATOR  FLAG  TO  0 

. . * . . . . 

10  CALL  FDVtCDISP('MENUl') 

CALL  FDVtGETALIOPP, TERMINATOR, 'CHOICE') 

CALL  CHARTONUM ( OPP , I0PT1 >  (CONVERT  RETURNED  CHAR  TO  NUMBER 

C 

C  OPTIONS  ARE: 

C  1.  SYSTEM  PERFORMANCE  SPECS 
C  2.  NATH  MODEL  DEVELOPMENT 
C  3.  PLANT  SIMULATION 
C  4.  CONTROLLER  DESIGN 
C  S.  IMPLEMENT  CONTROLLER 
C  6.  PERFORMANCE  TESTING 
C  7.  PRIMT/DELETE  PAIRING  LIST 
C  0.  EXIT  PROGRAM 

20  IF  < (I0PT1  .LT.  1)  .OR.  (X0PT1  .GT.  0)>  THEN 
GO  TO  10 

ENDIF 

C 

C  GO  TO  CORRECT  SUB-MENU 

GOTO (100, 200, 300, 400, 500, 600, 700, 9999) I0PT1 

C«» 

C  SYSTEM  PERFORMANCE  SPECS  MESSAGE  USING  FNS 

100  m  i  FDV0CDISP  ( '  MENU2 ' ) 

CALL  FOV«GETAL(OPP, TERMINATOR, 'CHOICE' ) 

GO  TO  10 

<;•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C  MATH  MODEL  DEVELOPMENT  MESSAGE 
200  CALL  FDV0CDXSP('MEMU3') 

CALL  FDV«GETAL(OPP, TERMINATOR, 'CHOICE' ) 

GO  TO  10 

C  PUNT  SXMUUTXOM 
300  GO  TO  10 

. . . . . . . . 

C  CONTROLLER  DESIGN 

C  'MENUS'  DISPUYS  MESSAGE  THAT  PROGRAM  XS  ENTERING  ICECAP. 

C 

400  CALL  FOV*CDXSP< 'MENUS')  IFMS  'MENUS' 

C  CALL  FDVtGETALt OPP, TERMINATOR, 'CHOICE' > 

XST-LXBNSPAVN  ('BIICECAPl. MODULES! RICER') 


non 


CALL  FDV0CDI8PC MENUS' )  fFM8  *NEK 

C  CALL  FDV08ETAL (OPP, TERMINATOR, *  CHOICE* ) 

IST-LIB48PAMN  (' •[ ICECAP 1. MODULES] R I CER' ) 
60  TO  16 

IMPLEMENT  CONTROLLER 


SUB-MENU 
906  CALL  FDVtCDISP(*MENU4* ) 

CALL  FDV06ETAL  (OPP,  TERMINATOR, ’CHOICE*) 

CALL  CHARTONUMCOPP,  I0PT2)  ICONV  RETURNED  CHAR  TO  NUMBER 


IF  ( (IOPTS  .LT.  1)  .OR.  (I0PT2  .6T.  6)>  THEN 
60  TO  9M 

END  IF 

SOTO (910, 920, 930, 940, 990, 960) I0PT2 

. . 

C  READ  DE8I6N  PARAMETERS  FROM  DATA  FILE  MEMORY.  DAT 
C  OPTION  9-1 

910  CALL  CLEARSCREEN 
PRINT* 

PRINT#, • READING  ORDER,  SAIN,  AND  TSAMP* 

CALL  RDORDER ( INQRD, IDORD,  HK, TSAMP) 

IF  (T9AMP  .EQ.  0)  THEN 
CALL  CLEARSCREEN 
PRINT*, *  ERROR  !!• 

PRINT* 

PRINT*, *****  TSAMP  •  0  ***** 

PRINT* 

PRINT* 

912  PRINT*,* YOU  MUST  ENTER  A  VALUE  OTHER  THAN  ZERO  FOR  TSAMP* 
PPTNT*,'  ENTER  TSAMPi* 

READ*,  TSAMP 
IF  (TSAMP  .EQ.  0)  THEN 
60  TO  912 
ENDIF 

PRINT*, *  CONTROLLER  ORDER  READ* 

ENDIF 

PRINT*, ’ READING  DE8I8N  PARAMETERS' 

CALL  RDHTF ( INORD, IDORD, CZERO,  CPOLE) 

PRINT#, ’ PAIRING  POLES  AND  ZEROS* 

CALL  PAIR(HK, INORD,  IDORD, CZERO, CPOLE,  CORDPZ, 

*  NUM8ECT8, ISECTORD) 

60  TO  900 

C  ROUND-OFF  OR  TRUNCATE 


920  CALL  FDV0CDI8PCMENU13' )  !FNS  MENU  13 

CALL  FDV06ETAL(0PP, TERMINATOR, ’CHI') 

CALL  CHARTONUN (OPP, TRFL6)  ICONV  RETURNED  CHAR  TO  NUMBER 

IF  (TRFL6  .EQ.  1)  THEN 

TRFL6-0  ! ROUND-OFF 

ELSE IF  (TRFL8  .EQ.  2)  THEN 

TRFLB-1  (TRUNCATE 


530  PRINT* 

C 

C  CHECK  TO  SEE  IF  OPTION  1  NAS  NOT  EXECUTED  FIRST. 

C  THIS  18  DONE  BY  CHECKING  THE  VARIABLE  HK. 

C  IF  HK-0,  THEN  IT  MAS  NOT  READ  IN  BY  RD0RDER.TH8 
IF  (HK  .EQ.  •)  THEN 

CALL  FDV0CDI8PC  MENU18* ) 

CALL  FDV08ETAL (OPP,  TERMINATOR,  'CHI*  > 

80  TO  SM 

END1F 

CALL  CLEAR8CREEN 

PRINT*, » MULTIPLYING  ROOTS  AND  QUANT I Z INS  COEFFICIENTS* 
CALL  MULTRTS (CORDPZ, NUM8ECT8, T8ANP, HK, I8ECT0RD,  TRFLB) 
PRINT*,  *  CHANS! NS  COEFFICIENTS  IN  TMB3801O  SOURCE  CODE* 
CALL  CHBCO 
SO  TO  SM 

C  CALL  TM83801O  ASSEMBLER 
540  CALL  FDVSCDISPC  MENU  IS' ) 

I8T-LIB08PAUN  (»X380*) 

60  TO  SM 


C  LOAD  TM8328I0  WITH  OBJECT  CODE 
C 

SS0  CALL  FDV*CDISP(*«NU8B*> 


•RETURN  TO  VMS  NE88A6C 


80  TO  IS 


!  RETURN  TO  MAIN 


C  PERFORMANCE  TESTING  MENU 
C 

C  SUB-MENU 

6M  CALL  FDV*CDISP(* MENUS’ )  'USE  'MENUS*  FOR  MENU 

CALL  FDVB8ETAL (OPP, TERMINATOR, '  CHOICE* ) 

CALL  CHARTONUM (OPP, I0PT7)  ! CONVERT  RETURNED  CHAR  TO 

C 

C  CHECK  OPTION  NUMBER 
C 

IF  ( (I0PT7  .LT.  1)  .OR.  (I0PT7  .ST.  4)>  THEN 
80  TO  6M 

ENDIF 

8010(610, 680, 630, 640)  I0PT7 


C  OPTION  1 


610  CALL  WRITEMB6(8, • EM  M, 0* ,  IBTAT) 
C  DISPLAY  MESSAGE  -  ONE  MCNCNT  PLEASE 


CALL  FDV0CD1SPCMENU1S' ) 


•DISABLE  GENERATOR 


6 


CALL  STEP9ET  !8ET  UP  BAK  FOR  STEP  TEST 

CALL  WR1TEM88 (8, ' KP  H’ , I8TAT)  ! SINGLE  RECORD  MODE 
IS  CALL  FDVACDIBPt* MENUS* > 

CALL  FDVA0ET (0PP8, TERMINATOR, ' CHI’ >  !QPP6  ■  8  CHAR 

CALL  TUOCHAR (OPPS, AMP)  (TWO  CHARS  TO  NUN8 

C  CHECK  LIMITS 

IF  <<AMP  .LT.  •)  .OR.  <AMP  .ST.  7.5))  THEN 
SOTO  BIS 

END  IF 
C 

CALL  CONVCHAR (AMP, AMPC)  {CONVERT  TO  (X.X)  CHARACTER 
CALL  SETBK INLEVEL (AMP)  !8ET  BAK  MAX  INPUT  LEVEL 
CALL  FDV08ET (0PP3,  TERMINATOR, ' CHS' )  !0PP3  »  3  CHAR 

CALL  THREECHAR (0PP3, 8TIME)  !CONV  3  CHAR8  TO  I NT 

C  !8TIME  18  AN  I NT 

. . 

IF  ((STINE  .LT.  .BIS)  .OR.  (BTIME  .ST.  518))  THEN 
CALL  CLEAR8CREEN 

PRINT#, 'YOU  HAVE  EXCEEDED  THE  LIMITS  OF  DICES  !!•» 

PRINT# 

PRINT#,  ’  THE  SETTLING  TIME  MUST  BE  BETWEEN  .015  SECS* 
PRINT#, • AND  518  SEC8. * 

PRINT# 

PRINT* 

CALL  WAIT 
80  TO  618 

EL8E 

CALL  CALCFREQ8PAN (8TIME, FRQSPAN, ONTIME) 

END  IF 
C 


C  BAK  8038  SET  UP 
C  WRITE  FREQ  SPAN  TO  BAK 

CALL  WRITEMBG (8,  *  EM  F8,  * //FRQSPAN, I8TAT) 

C 

C  WRITE  Y  AMPLITUDE  TO  BAK 

CALL  CQMVCHAR(AMP+. 3, AMPC)  'ADD  .5  VOLTS 

CALL  WRITEM86(8, ' ED  YF,  * //AMPC,  IBTAT)  !  WRITE  TO  BAK 
C 


CALL  WRITEMS8(S, *DF  UF*,I8TAT)  ! FULL  DISPLAY 
C 

C  DISPLAY  ME88AGE  TO  USER  TO  PREPARE  TO  START  TEST 

CALL  FDV$CDISP('MENU16* )  'CTRL  T  MBS/CTRL  START 

CALL  WRITEMB8(8,*CP  IF*, IBTAT)  !INV  FLASH  VIDEO  BAK 
CALL  WRITEM8S(S,*PR  "PRESS  #C0NTR0L#8TART#  TO  BESIN  TEST. 

♦  "» , IBTAT) 

CALL  WAIT8TART 

CALL  FDVOCDISPOMENU17’ )  !8TEP  TEST  IN  PR08RE88 

CALL  WRITEM0G(8, *PR  " 

♦  , I8TAT) 

CALL  WRITEM88(S, 'PR  "MEASUREMENT  IN  PR0BRES8. . . . 

+  "* , I8TAT) 


C  START 


CALL  CONVCHAR ( AMP, AMPCC) 

CALL  WRITEHS8(3,*D000C4P0I\N*,I8TAT) 
CALL  WRITEH88<3,'D»//ANPCC//*I»,I8TAT) 


ICONV  TO  CHAR  DATA 
!•  V  DC  MODE 
! TUAN  172B  ON 


CALL  WAITPERIOD(ONTINE)  ! WAIT  FOR  TIME  TO  PA88 

CALL  WAITPERIODU.  0)  (WAIT  EXTRA  8  SECONDS 

C  IONTIME  C0ME8  FROM  CALCFREQ8PAN  SUB 

C  DONE  WITH  TEST 

CALL  WRITEH88(3, *D0I* , ISTAT)  I TURN  OFF  1728  OUTPUT 

J-IBUPU (0,8,0)  ! CLEAR  BftK  8038 

J-IBUPU(0, 5,2)  !BtK  TO  LOCAL 

C  CALL  WRITEM8B(8,,SR  1’ , ISTAT) 

CALL  WRITEMS0<8,*KP  D* , I8TAT)  ! AUTO  SCALE  Y  AXIS 

CALL  WRITEN88<8,*KP  8*, ISTAT)  INDUE  TO  CURSOR  FIELD 
CALL  WRITEM88 <8, *KP  ISTAT)  I MOVE  CURSOR  DOWN 

C  RETURN  TO  MENU 

CALL  WRITENBB(£,'WT  9,1," 

♦  "* , ISTAT) 

CALL  WRITEMSB<8,* SR*, ISTAT) 

CALL  WRITEMB8(8,  ’  PR  "TEST  COMPLETE. ISTAT) 

J*IBUPU<0, 5, 2)  IBftK  TO  LOCAL 

SO  TO  60S  ISO  WAIT  FOR  USER  TO  RET  FROM  EVN 


mmm 


-  OPTION  8 


68S  CALL  WRITEM88 (3, ’  P3I\  ISTAT)  I TURN  OFF  1788  FOR  8URE 
C 

C  READ  BANDWIDTH  AND  CONVERT  TO  HERTZ 

CALL  FDV*CDISP<’MENUU’)  IFMS  MENU  11 

CALL  FDV*SETAL<0PP6, TERMINATOR,* CHI') 

CALL  SIXCHARtOPPS, CLBW)  ICONV  RET  CHAR  TO  NUMBER 

PI-395/113  IPI-3. 1419989  -  TRY  IT!! 

CLFR-CLBW/ (2*PI)  ICLFR  IS  CLOSED-LOOP  BN  IN  HZ 

C 

C  CHECK  IT 
C 

IF  (CLFR  .ST.  896SS)  THEN 
CALL  CLEAR8CREEN 

PRINT*, 'YOU  HAVE  EXCEEDED  THE  LIMIT8  OF  DICES  !!!» 
PRINT* 

PRINT*,* THE  CLOSED-LOOP  BAWWIDTH  MUST  BE  LE88  THAN  * 
PRINT*, *29. 6  KHZ.* 

PRINT* 

PRINT* 

CALL  WAIT 
SO  TO  60S 


3  • 


oooo  o  nn  nn  on  ooooo  oo 


DISPLAY  MESSAGE  -  ONE  MMCNT  PLEASE 
CALL  FDV8CDI9P('MENUIS' ) 


CALL  FRE08ET  !FREfl/PHA6E  DZ8PLAYS 

CALL  WRITEMB8(2,'ED  SL, 2',  ISTAT)  'RECALL  #2 
CALL  C0NVCHAAF8(CLFR, FRC)  {CONVERT  TO  CHARDATA 

CALL  WRITEMB8<2, 'EM  F8, • //FRC, I8TAT)  !  SET  FRED  SPAN 
CALL  HRITEMB8C2,'EM  86, 3’ ,  1ST  AT)  !8ET  SEN  TO  RANDOM  NOISE 
CALL  URITEM88(2, ' DF  LM1 , ISTAT)  {DISPLAY  LONER  GRAPH 
CALL  WRITEM8G«2,  'ED  8L,3’ , ISTAT)  {RECALL  PHASE  DISPLAY  #3 
CALL  MRITEMS8 (2, ' DF  UL’ , ISTAT)  {DISPLAY  UPPER  ft  LONER 
CALL  URITEMS8 (2,  * KP  S' ,  ISTAT)  'TURN  ON  »CONT»  RECORD 
CALL  URITEM88(2,'CP  IF' , ISTAT)  !INV  FLASHING  VIDEO  BIK 
CALL  WRITEMS8<2, • PR  'PRESS  «CONTROL*BTART»  TO  BEBIN  TEST. 
I8TAT) 

TEST  GENERATOR  FLAB  TO  SEE  IF  ALREADY  ON 

IF  (SENFL8  .NE.  1)  THEN  {TOGGLE  SEN  BUTTON  IF  OFF 

8ENFLB-1 

CALL  MRITEM68<2,'KP  C , I8TAT)  !  TURN  ON  SEN 

ENDIF 

DISPLAY  ME88AGE  TO  U8ER 

CALL  FDVftCDISPC MENU16' )  {CONTROL  T  MBG/CTRL  START 

CALL  UAIT8TART  {WAIT  FOR  *8TART*  SIGNAL 

CALL  URITEMGSte, »PR  • 

♦  "' , ISTAT) 

CALL  URITEM8G(2,'PR  "MEASUREMENT  IN  PR0GRE88. . . . 

♦  ■* , I8TATI 


FREQUENCY  RESPONSE  TE8T  IN  PR08RE8B 

CALL  FDVtCDISPCMENUBl')  !FREO  R ESP  TEST  IN  PR06RESI 


CALL  HAITSTARTOUT  {WAIT  FOR  START  LED  TO  80  OUT 

!END  OF  TE8T 


SET  UP  FINAL  BftK  DISPLAY  FORMAT  A NO  TURN  6ENERAT0R8  OFF 


CALL  HRITEM88 (2, *  KP  C , ISTAT) 


J-IBUPU  <S,  2,  •> 
J-IBUPU (ft, 3, 2) 

CALL  WRITEMB6(2, *KP 
CALL  WRITEM8B(2, 'KP 
CALL  WRITEM8B(2,'KP 
CALL  URITEM8B(2, 'KP 
CALL  HRITEMS8<2, 'PR 
J-IBUPU (S, 5, 2) 


{TURN  BftK  SEN  OFF 
{RESET  SEN  FL8  TO  OFF 
{CLEAR  BftK  8832 
!BftK  TO  LOCAL 

D' ,  ISTAT)  {AUTO  SCALE  Y  AXIS 
S',  ISTAT)  '.MOVE  TO  CURSOR  FIELD 
S', ISTAT)  !MV  CURSOR  TO  UPPER  DISP 

K’, ISTAT)  {ALIGN  CURSORS  ON 

"TEST  COMPLETE.  *', ISTAT) 

{BftK  TO  LOCAL 


RETURN  TO  PERFORMANCE 


GO  TO  6GG 
GO  TO  6GG 
GO  TO  1G 


C  PRINT  PAIR.  PAT  FILE 

C  FILE  C0NTAIN8  POLE/ZERO  PAIRING8  AM)  COEFFICIENTS 
C 

7GG  CALL  FDV*CDI9P(’ MENU19* )  'PRINT  RE+GT 

CALL  FDVGGETAL (OPP, TERMINATOR, • CHI*  > 

CALL  CMARTONUMIOPP,  I0PT7) 

IF  ((I0PT7  .LT.  I)  .OR.  <I0PT7  .GT.  C>)  THEN 
GO  TO  7GG 

ENDIF 

60T0C71G,  7fG>  I0PT7 

C  PRINT  PAIR  PAT  REPORT  TO  LINE  PRINTER 

71G  CALL  PA1RPRT 

GO  TO  1G 
7SG  GO  TO  1G 


mmmmm  m  1 1  mm  wmmmmm  mm  im  >  m  mmm 


C  SUBROUTINE  TO  CONVERT  TO  CHARACTER  DATA 
SUBROUTINE  CONVCHAR(AMP, AWC) 
CHARACTERS  AMPC 
IF  <ANP  .LT.  I)  THEN 
AMPC"*G«f 

AMPC  (3l3)  -CHAR  ( I  NT  (ANP»1G)  MG) 


PRINT*, ' CONVCHAR  BUB  -  ANP**,AMP 
PRINT*,  CHAR  ( INT  (AMP)  MG) 

ANPOCHAR  <  INT  (AMP)  MG)  //»  .  ■ 

PRINT*, 'AMPC  (WITH  .  AOOED)  *,AMPC 
AAMP*INT<AMP) 

PRINT*, ' INT  < (AMP-INT(AMP) )*1G)-' , INTI (ANP-AAI9)* 
AMPC  (3i3)  -CHARI  INT  I  (AMP*1G.  G-INT  (AMP)  *1G.  G)  )  MG) 
PRINT*, AMPC 


CHARACTERS  BKLEV 

CALL  CONVCHARIAWS,  BKLEV) 

PRINT*,  BKLEV 

CALL  WRITEMRBIS, ’EM  SM,’ //BKLEV, IBTAT) 


!  WRITE  TO  BBK 


70  WAIT  FOR  HART  LCD  TO  «0  OUT 
SUBROUTINE  UAXTSTARTOUT 
CHARACTER*?  KEY 
I KEY-2 

DO  WHILE  (IKEY  .KXL  8) 

J>IBUPU(S,S,8,«REF('CS  AS* //CHAR (IS))* C) 
J-IBUPU(B,  1,8.  PREF <KEY)  f  7) 

I KEY- I CHAR (KEY (6i&)  >-4S 

CALL  HAITPERIOO (8. S)  !MAIT  2  SECONDS 

END  DO 
RETURN 


SUBROUTINE  TO  WAIT  FOR  *START*  KEY  PRESS 
8UM0UTINE  HAITSTART 
CHARACTER*?  KEY 
IKEY-4 

DO  WHILE  (IKEY  .NE.  2) 

J-IHUPU(Sy8y8f  PREFCCS  AS* //CHAR (!§>),«> 
JaIBUPU(Sy  I, CyKREFIKEY>(7)  ! READ  LAST  KEY 

J-IBUPU(S,S,8>  !  LOCAL 

IKEY-ICHAA(KEY(*i§> >-4S 

CALL  HAITPERIOO (8. S)  'WAIT  C  SECOND 

END  DO 


SUBROUTINE  TO  WAIT  FOR  'ONTINE*  SECONDS 
SUBROUTINE  HAITPERIOO  (ONT IKE) 
Tl-SECND8(B.i) 

DO  WHILE  (DELTA  .LT.  QNT1HE) 


C  SUBROUTINE  TO  KILL  TINE  (8  SECONDS) 

C 

C 

SUBROUTINE  KILLTINE 

CIS 

T1-9ECND6(B.S) 

C 

DO  WHILE  (DELTA  .LT.  8.S) 

!  8  SECONDS 

C 

delta  srrwsm) 

C 

END  DO 

C 

DELTAS 

c 

RETURN 

c 

END 

rriMK  TO  COMVRT  TO  S*CHARDATA 
SUDROUTINE  CONVCHARFS (CLFR. FRC) 


n  n 


CHARACTERS  FRC 
IF  (CLFR  .LT.  1.96)  THEN 

FK>i  x.96* 

ELJEIF  ( (CLFR  .ST.  1.96)  .AND.  (CLFR  .LE.  3.189))  THEN 
FRO*  3. 189* 

ILJEIF  ((CLFR  .ST.  3.189)  .AND.  (CLFR  .LE.  6.89))  THEN 
FRO*  6.  89* 

ILJEIF  ((CLFR  .ST.  6.89)  .AND.  (CLFR  .LE.  18.9))  THEN 
FRO*  18.9* 

ELJEIF  ((CLFR  .ST.  18.5)  .AND.  (CLFR  .LE.  89))  THEN 
FRO*  89* 

ELKIF  ((CLFR  .ST.  89)  .AND.  (CLFR  .LE.  9R)>  THEN 
FRO*  98* 

ELK  IF  ((CLFR  .ST.  98)  .AND.  (CLFR  .LE.  188)  >  THEN 
FRO*  188* 

ELJEIF  ((CLFR  .ST.  188)  .AND.  (CLFR  .LE.  886))  THEN 
FRO*  888* 

ELJEIF  ((CLFR  .ST.  888)  .AND.  (CLFR  .LE.  488))  THEN 
FRO*  488* 

ILJEIF  ((CLFR  .ST.  488)  .AND.  (CLFR  .LE.  888))  THENVQH 
ELJEIF  ((CLFR  .ST.  888)  .AND.  (CLFR  .LE.  1688))  THEN 
PRO*  1688* 

ELJEIF  ((CLFR  .ST.  1688)  .AND.  (CLFR  .LE.  3888))  THEN 


ELK  IF  ((CLFR  .ST.  3888)  .AND.  (CLFR  .LE.  6488))  THEN 
FRO*  6488* 

ELK1F  ((CLFR  .ST.  6488)  .AND.  (CLFR  .LE.  18888))  THEN 
FRO*  18888* 

ELK  IF  (CLFR  .8T.  18888)  THEN 


80  9998  1*1,84 
PRINT* 


PRINT  (CR)  AND  NAIT  FOR  CARRIAK  RETURN  INPUT 

SUBROUTINE  WIT 
INTEKR  OUmt 

PRINT*, * (RETURN)  TO  CONTINUE* 

READ  (6,18)  DUNNV 
18  FORNAT  (I) 

RETURN 


non  oono  n  nnonnonnnnnn  on  noon 


DISPLAY  DICES  BANNER  FIRST  ON  MK 

CALL  URITEMB8(2,  »DF  US',  I8TAT)  'FULL  DISPLAY 

CALL  UR1TEMBB(E,*PF  l,  2*.  IBTAT)  !CLR  GRAPH  AREA 

J-IBUPU<R,t,2,*AEF  PUT  CH,"  -’//LF), ID)  !CLR  TXT  ARM 
J-IBUFU<B,S,E(«MEF  (*PF  6D,  129,EA,S,S,  "DICES"’  //CHAR(IB)  ),  88) 
RETURN 
END 


CLEAR  INSTRUMENTS  FIRST 


SET  UP  17SB  FOR  STEP  TEST  (NOT  USED  FOR  FR 
SET  UP  DC  NODE  EACH  TINE  THAOUBH 
STEP  TEST.  DONE  IN  STEP  TEST  SECTION. 

CALL  MRITEMS<3,»DBSSC»PiI\N»,I6TAT) 


FRED/PHASE  TEST) 


!S  VOLTS  DC  MODE 


SET  UP  B«K  FOR  STEP 


J-IBUPU(S,4,8) 

CALLUS  ITEMS  <2. '  SR  S’ ,  IBTAT) 

CALL  URITEMBBfE, *DT  ’//CHARC1S), I8TAT) 

CALL  URITEMS<S, ’ED  FU,1’,  IBTAT) 

CALL  URITENBS(8,'ED  YF, 2. MB’ , IBTAT) 
CALL  URITEMBBIE,  'EM  TM,  S’,  IBTAT) 

CALL  UAITfHBB<2,  ’EM  »I,r,  I8TAT) 

CALL  MRITEMBSd,  'EM  SB, S’ , X8TAT) 

NOW  SAME  DISPLAY  AND  HEAD  SETUPS  IN  •! 

CALL  URITEMB8(E, ’ED  SB, I’, I8TAT) 

CALL  URITEMBBIE, 'EM  SB,  I’,  I8TAT) 


!DEF  TERMINATOR 
•CHAR  (LF) 

•CH  D  TIME 
!S  V  FB 

!EXT  TRIS  NOOE 
•DC  DIRECT  CH  B 


{DISPLAY  STEP  TEST 
•REAS  STEP  TEST 


FREB/PHASE  8ETTINBB  FOR  BIN 


CALL  URI 
CALL  URI 

CALL  URI 
CALL  URI 


(t, ’SR  S’ , IBTAT)  !8YS  RESET  S 

<*,’DT  * //CHAR (IS), IBTAT)  {DEFINE  TERMINATOR 

!  CHAR  <LF) 

<2, ’CD  BL, If* , IBTAT)  {RECALL  BAM  Bit  DISP 

(C, ’EM  EL,  ir,  IBTAT)  {RECALL  DBM  BIS  MAS 


oo5?»  no  ooooo 


CALL  URITEMBB(£,'ED  XL, 1% IBTAT) 
CALL  UAITEMSeCS, 'EM  flI,B\IBTAT> 
CALL  WRITEN08<2,’EA  BI,B*,I8TAT> 


!LOB  X  AXIS 
!CH  A  DIRECT 
!CH  B  DIRECT 


nnoonnnnnnnnnnnnnnnnnnnnnnnnnnnnn 


c 

CPOLE 

COMPLEX  ARRAY  OF  POLES  (S  MAX) 

c 

CPOLEPAIR 

REFERENCE  POLE  TO  MEASURE  DIBTANCE 

c 

OF  ZEROS  FROM 

c 

CZERO 

COMPLEX  ARRAY  OF  ZEROS  (B  MAX) 

c 

cam 

(1  ♦  JS) 

c 

COROPZ 

PAIRED  POLES  AND  ZEROS  FOR  4  SECTIONS 

c 

1.  ZERO 

c 

E.  ZERO 

c 

3.  POLE  SECTION  I 

c 

4.  POLE 

c 

c 

S. 

c 

6. 

c 

• 

c 

• 

c 

16.  POLE 

C  INTEGER 


c 

INCP 

NUMBER  OF  COW>LEX  POLES 

c 

INRP 

NUMBER  OF  NEAL  POLES 

c 

ICLOSECPAIR 

CLOSEST  COMPLEX  PAIR  INDICES 

c 

ICLOSERPAIR 

CLOSEST  REAL  PAIR  INDICES 

c 

I CLOSER 1 

CLOSEST  REAL  POLE 

c 

IDORD 

ORDER  OF  DENOMINATOR 

c 

INORD 

ORDER  OF  NUMERATOR 

c 

ITNCP 

TEMP  INCP 

c 

ITNRP 

TEMP  IN RP 

c 

INSECTS 

NUMKR  OF  END  ORDER  SECTIONS  (1-4) 

c 

I8ECT0RD 

SECTION  ORDERINB  VECTOR 

c 

ICIDX 

INDEX  OF  COMPLEX  POLES  IN  VARIABLE  * CPOLE' 

c 

IRIDX 

INDEX  OF  REAL  P0LE8  IN  * CPOLE* 

c 

ICIDXZ 

INDEX  OF  COMPLEX  ZEROS  IN  * CPOLE* 

c 

IRIDXZ 

INDEX  OF  REAL  ZEROS  IN  'CPOLE* 

c 

IU8EDZEROS 

VECTOR  OF  INDICES  OF  AVAIL  ZEROS 

c 

c 

c 

IAVAILREALZ 

VECTOR  OF  AVAIL  INDICES  IN  CZERO 

FOR  A  PARTICULAR  TYPE  SEARCH  (NEAL 

OR  COMPLEX) 

c 

INUNAVAIL 

NUMBER  OF  AVAIL  ZEROS  FOR  PARTICULAR 

TYPE  SEARCH 


REAL 

MM 

P0LEDI8T  VECTOR  OF  DISTANCES  OF  EACH  POLE  FROM  Z«+! 

HK  LOOP  SENSITIVITY 

ASSUMPTIONS! 

CZERO  AND  CPOLE  MUST  CONTAIN  THE  POLES  AM)  ZEROS  OF  THE 
CONTROLLER  IN  ANY  ORDER,  BUT  COWLEX  PAIRS  MUST  STAY  ADJACENT 
TO  EACH  OTHER. 


noonoononnnoooonononnonnn  o  o  o  o  nnu 


C 


-V  '  -  N  *  -  . V  V  V  «■  V.  •»")  ^ 


INITIALIZATIONS 
9UBA0UTINE  PAIR(HKf INORO, ISORO, CZERO, CPOLE, CORDPZ, 

♦  INSECTS,  I  SECTORS) 

REAL  POLEDIST (S) , 8ECTDI8T (4) 

INTESER  I SECTORS (4),  ICIDX(S),  IRIDX(S),  ICLOSECPAIR(S) 
INTEBER  IAMAILCOWZ  (•) ,  ICISXZ  <•) ,  IRISXZ  <S) ,  ICLOSERPAIR  (8) 
INTESER  IU8ESZER0B (S) , INUMAVAIL, IAMAILREALZ  <•) 

CONPLEX  CPOLE (8), CZERO (8), CONE,  CORDPZ (16) 

COMPLEX  CT1,CT2,CPQLEPAIR<2) 

CHAAACTER*S4  TITLE 
CONE*(l,S) 

DO  S  I-l.S 

CORDPZ II4S)  •  (9999.  8,  9999.  S) 

CORDPZ  (I) -(9999.  *,9999.  ft) 

IU8ESZER0B<l)a# 

CONTINUE 

OPEN  PRINT  PILE 

0PEN(UNIT-6, PILE-* PAIR. PAT* ,  STATUS**  NEW* ) 

PRINT*, *  INPUT  TITLE* 

READ(6, IIS)  TITLE 
118  FORMAT <Ae4) 

WRITE (ft,*)  TITLE 

WRITE (S,*)  *  DICES  * 

WRITE (8,*)  *  • 

WRITE (8,*)  •  30  0I8ITIAL  CONTROLLER  IMPLEMENTATION* 

WRITE  (8,*)  . . . 

FOR  TEST 

INORD-7 

IOORO-7 

CPOLE  ( 1 )  -  2,  8) 

CP0LE(2)-(-.  IS,. 6) 

CP0LE(3)-(-. IS, -.6) 

CPOLE (4)- (-.85,.  7) 

CP0LE(5)-(-. 85, -. 7) 

CPOLE (6) *(-.03,.  9) 

CP0LE(7)-(-.  83, -.9) 

CZERO(l)- (-1.0,8) 

CZER0(2)-(-. 7,  .7) 

CZER0(3)-(-. 7,  -.  7) 

CZER0(4)-(-. 4,  .9) 

CZER0(S)-(-.4,  -.9) 

CZERO  (6)  ■  (-.  2, .  9S) 

CZER0(7)-(-.  2,  -.98) 

ENO  TEST  AREA 


FIND  NUMBER  OF  REAL  AM)  CONPLEX  POLES  IN  CPOLE 
AND  MAKE  INDEX  TO  CPOLE  AND  CZERO. 


376 


nnnnnn 


3 


DO  10  I-l, IDORD 

IF  (AIMA8(CP0LE(I) )  .NE.  0) 
J-J+l 
ICIDX( J)-I 
INCP-J 


K-K+l 
IRIDX (K> -I 
INRP-K 


FIND  DISTANCE  OF  EACH  POLE  FROM  Z-+1  AND  PUT  IN  ARRAY 
POLEDIST 


DO  SO  1-1, IDORD 

POLEDIST  (I >  -CABS  (CPOLE  (I > -CONE) 


DO  28  J-(INRP-l),  1,-1 
DO  26  I-l,  J 

IF  (POLEDIST (IRIDX (ID  .8T.  P0LEDI8T(IRIDX(I+1> ))  THEN 
TENP-IRIDX(I) 

IRIDX(I)-IRIDX(I+1> 

IRIDX (I+l) -TEMP 
ENDIF 

6  CONTINUE 

9  CONTINUE 

PAIR  UP  POLES  -  CLOSEST  AND  FARTHEST  REAL  POLES  FROM  Z~*-l 
PAIRED  UP.  MAY  HAVE  A  8INBLE  FIRST  ORDER  POLE  BY  ITSELF. 

PUT  PAIRS  IN  ARRAY  CORDPZ  (HAS  16  ELEMENTS) 


FIRST 

ITNRP-INRP 

RR-INRP  'MAKE  REAL  FOR  ININT  FUNCTION 

DO  38  I8ECT-1, ININT (RR/2) 

CORDPZ (4* ( I SECT- 1 ) 43) -CPOLE ( IRIDX ( I SECT) ) 

ITNRP-ITNRP-l 

IF  (ITNRP  .NE.  8)  THEN 

CORDPZ (4* ( ISECT- 1) +4 ) -CPOLE ( IRIDX ( INRP* 1- ISECTD 
ITNRP-ITNRP-1 


SO  TO  38 


nnnnnnonnnnnn 


C  NOW  COMPLEX 

C  RR-INRP  REAL  VARIABLE  OF  NUMBER  OF  REAL  POLES 
C 

J-l 

ITNCP-INCP 

C  START  AT  SECTION  CININT( (RR/2>*13 
1ST- ININT (RR/2) ♦! 

IEND-ININT (RR/2) ♦ ( INCP/2) 

SO  4i  I SECT- 1ST, I END 

CORDPZ  (4*  <  I9ECT-1  >  +3XP0LE  ( ICIDX  ( J)  > 

CORDPZ (4*  < I SECT- 1 ) +4) -CPOLE ( ICIDX ( J+l ) ) 

J-J+R 

4#  CONTINUE 

. . . . . . ******** 

. . . -WHHHHHHHI 

C  FIND  CLOSEST  POLE  TO  Z-+1  (REAL  OR  COMPLEX) 

C  AND  ORDER  THEM  U8INB  * I8ECT0RD* 

C  RR-  NEAL  VARIABLE  -  NUMBER  OF  REAL  P0LE8  FOR  ININT) 

C 

INSECTS-  <  ININT  (RR/2) )  ♦  ( INCP/8) 

ITNRP-INRP 

C 

DO  9S  1-1, IN8ECTS 

IF  (AINAB(CORDPZ(l))  .EQ.  •)  THEN  !ITS  REAL 

CT1-COROPZ (4* < 1-1 ) +3) 

ITNRP-ITNRP-t 

IF  (ITNRP  .NE.  •)  THEN  !TNO  REAL  POLES 

ITNMP-ITNRP-1 
CT2-C0RDPZ <4*  ( 1-1 ) +4) 

8ECTDI8T < 1 ) -MIN (CAB8 (CT 1-CONE) , CABS (CTS-CONE) > 

SO  TO  SB 

ELSE  'ONLY  ONE  REAL  POLE 

8ECT018T < I ) -CABS (CT1-CONE) 

ENDIF 

ELSE  'ITS  COMPLEX 

CT1-COROPZ <4* < 1-1 ) *3) 

SECTDI8T  ( I  )-CAB8  (CT1-C0NE) 

ENDIF 

9S  CONTINUE 


NON  ORDER  POLES  BY  CL08E8T  TO  Z-+1 
(REAL  OR  COMPLEX) 

PLACE  SECTION  NUMBER  IN  * ISECTORD' 
(HILL  HAVE  SECTION  N  IN  I8ECT0RD  IN 
LOCATIONS  1-4).  CL08E8T  SECTION  TO 
Z-+1  HILL  BE  IN  LOCATION  1. 


FILL  ISECTORD  WITH  DEFAULT  VALUE3  TO  START 

00  M  1-1,4 
ISECTORDd)-! 


UUU  10  N  •  UOUUU 


C 

DO  7*  XINBECTS-l),  1,-1 
DO  65  1-1,  J 

IF  OECTDI8T ( I SEC TORO (I) )  .BT. 
♦  8ECTDI8T ( I8ECT0RD(I+1 > ) >  THEN 

TENP-I8ECT0RD<1> 
ISECT0RD(I)-I8ECT0RD(I+1) 
ISECT0RD(I+1)-TEMP 
ENDIF 

65  CONTINUE 

76  CONTINUE 

. . * . 


BUILD  IU8EDZER06  VECTOR 

J-A 

K-A 

DO  6  1*1, INORD 

IF  <AIMAB(CZERO(I))  .NE.  A)  THEN 
J— J+l 

ICIDXZ  (J) -I 
INCZ-J 
ELBE 
K-N4I 

IRIDXZdO-I 
INRZ-K 
ENDIF 
CONTINUE 
DO  7  1-1,  J 

IUSEDZEROA  < ICIDXZ  (I) )  -ICIDXZ  ( I ) 

CONTINUE 
DO  6  I— 1,K 

IUEEDZER06 < INIDXZ ( I ) > -IRIDXZ < I ) 

CONTINUE 

(MITE  <a, #> , * NUMBER  OF  » 

UNITE (A, *)  •SECOND-ORDER  SECTIONS’ , IN8ECT8 
UNITE (A, *)  'NUMERATOR  ORDER  INORD 
UNITE  (A, *)  ’DENOMINATOR  ORDER  • , IDORD 
UNITE  (A,*)  ’LOOP  SENSITIVITY  \HK 


NATCH  ZENOS  TO  POLE  PAIRS 

(TO  PRINT  FILE  FOR  TEST) 

UNITE  (A,  *)  . . . 

UNITE (A,*)  •  UNPAIRED  P0LE8  AND  ZEROS 

UNITE  (A,  •>  . . . . . . . 

UNITE (A, •)  •CZERO’ 

DO  9A  N-l,  INORD 
UNITE (A,*)  CZERO (N) 

9A  CONTINUE 

UNITE (A, •>  *  * 

UNITE (A,*)  •CPOLE’ 


UUUUU  U  O  Q  »uuu 


00  1M  1-1,  INSECTS 
TT-ISECTORDd) 

WRITE  (A,*)  . ' 

WRITE (A,*)  •  SECOND-ORDER  SECTION  PAIRIN6S* 

WRITE  (A, •)  . * . »« 

WRITE (A,*)  'SECTION  NUWER  M 

WRITE  (A,  •)  '  WMHIWIIWHMMIHMMWMMIWH' 

CPOLEPAIR(l) -COROPZ  (4*(TT-1)*3) 

CP0LBPAIR(2) -COROPZ (4*  (TT-1 >  *4) 

WRITE  (A,*)  'CPOLEPRIR  FOR  THI8  TINE  THRU  LOOP* 

WRITE (A, •)  CPOLEPAIR(l) 

WRITE (A« *)  CPOLEPRIR (2) 

WRITE (A,*)  *  ' 

IF  (REAL (COROPZ (4* (TT-1) +4))  .EQ.  9999.)  THEN  ! FIRST  ORDER 
FIRBT  ORDER 

CALL  ANVREALZER08(CZER0, 1 USED ZEROS,  IAVAILREALZ, INUNAVAIL) 
IF  (INUNAVAIL  .EQ.  A)  THEN  'NONE  AVAIL  -  DONE 
80  TO  ISO 
ELSE 

CALL  CL08EST1ZER0(CZER0, CPOLEPRIR, IAVAILREALZ, INUNAVAIL, 
♦  ICL0SER1) 

WRITE (A,*)  ' I CLOSER!  -  ’ , ICL08ER1 
WRITE (A, •)  CZERO 

COROPZ (4* (TT-1 ) *1 )  -CZERO ( XCL06ER1 ) 

CALL  NARKIZdUSEDZEROA,  ICL0BER1)  'NARK  USED  ZERO 
IS  ENDIF 

2ND  ORDER 


ELSE 

D  WRITE (8, *)  '2.  NADS  IT  !!!!» 

IF (AINAS (CORDPZ ( 4* (TT- 1 ) *3) )  .NE.A)  THEN  !COHPLEX  POLE 
CALL  ANVCONPZEROS (CZERO, IUBEDZEROB, 1AVAILC0NPZ, 

♦  INUHAVAIL) 

IF  ( INUNAVAIL  .EQ.  A)  THEN  !NONE  AVAIL 

CALL  ANYREALZER08 (CZERO, IU8EDZER08, IAVAILREALZ, 

♦  INUHAVAIL) 

D  WRITE (A,*)  'INUNAVAIL-  222  '.INUHAVAIL 

IF  (INUHAVAIL  .EQ.  A)  THEN  'NO  REALS  EITHER 
ENDIF 

IF  (INUHAVAIL  .EQ.  1)  THEN 

WRITE(A, •)  'CZERO-*, CZERO (1)  !1  AVAIL 

CORDPZ (4* (TT-1 ) +1) -CZERO ( IAVAILREALZ ( 1 ) ) 

CALL  NARKIZdUSEDZEROA,  IAVAILREALZ (1  > ) 

ENDIF 

IF  (INUHAVAIL  .ST.  1)  THEN 
CALL  CL0AE8TREALPAIRC (CZERO, CPOLEPAIR, 

♦  IAVAILREALZ. 


D 


INUNAVAIL,  ICLOBERPAIR) 

COROPZ  (4*(TT-l  >  ♦!  >  -CZERO  ( ICLOBERPAIR  C I  >  ) 
COROPZ  (4#  (TT-1  >  *6)  -CZERO  (ICL06ERPA1 R  (8)  ) 

CALL  NARKEZ( IUSEDZEROB,  ICLOBERPAIR) 

ENDIF 

ELK  'COMPLEX  ZEROS  AVAIL 

CALL  CLOKSTCOMPLEXPAIR (CZERO, CPOLEPAIR,  IAVAILCOMPZ, 
INUNAVAIL,  ICLOSECPAIR) 
C0RDPZU*(TT-I)+l)-CZEA0dCL08ECPAIR(i)> 

COROPZ  (4*<TT-I )  +8  > -CZERO  ( ICL08ECPAIR  (8) ) 

CALL  MARK8Z  dUBEDZEAOB,  ICL08ECPAIR) 

ENDIF 


WRITE (A,*)  'MADE  IT  TO  REAL  P0LE8* 

CALL  ANYREAL ZEROS (CZERO, IUSEDZEROB, IAVAILREALZ, 

♦  INUNAVAIL)  'REAL  POLES 

WRITE (A,*)  * 1NUNAVA1L-' , INUNAVAIL 

IF  dNUNAVAIL  .EQ.  S)  THEN 
IQ-1NUNAVAIL  'SAVE  •  AVAIL 

CALL  ANVC0NPZER08 (CZERO, IUSEDZEROB, IAVAILCONPZ, 

*  INUNAVAIL) 

IF  dNUNAVAIL  .EQ.  S)  THEN 
SO  TO  IDS 


CALL  CLOBEBTCOMPLEXPAIRtCZEAO, CPOLEPAIR, 

♦  IAVAILCONPZ, INUNAVAIL, ICLOSECPAIR) 

COROPZ (♦* (TT-I ) ♦! ) -CZERO (ICL08ECPAI R (I ) ) 
COROPZ (4* (TT-i)*t)  "CZERO (ICLOSECPAIR (8) ) 
CALL  NAAMtZ (IUSEDZEROB, ICLOSECPAIR) 

ENDIF 

INUNAVAIL-IS  ! RESTORE  •  AVAIL 

ENDIF 

IF  dNUNAVAIL  .EQ.  I)  THEM 
WRITE  (A,*)  'REAL  ZERO  » 

IS-INUNAVAIL 

CALL  ANVCOMPZEROB  (CZERO,  IUSEDZEROB,  IAVAILCONPZ, 

♦  INUNAVAIL) 

IF  dNUNAVAIL  .EQ.  S)  THEN 
COROPZ (4* (TT-I ) ♦! >  "CZERO (IAVAILREALZ ( 1 ) ) 

CALL  MARK1Z (IUSEDZEROB,  IAVAILREALZ (D) 

80  TO  IBS 


CALL  CLOBKSTOmjEXPAIR (CZERO,  CPOLEPAIR, 

IAVAILCONPZ,  INUMAVAIL,  ICLOSECPAIR) 

COROPZ (♦• (TT-I )♦! )  "CZERO ( ICLOSECPAIR ( 1 ) ) 

COROPZ (4* (TT-1) ♦(>  "CZERO (ICLOSECPAIR (8> > 

CALL  NAAKtZ (IUSEDZEROB,  ICLOSECPAIR) 

ENDIF 

INUMAVAIL"!! 

ENDIF 

IF  dNUNAVAIL  .ST.  1)  THEN 
IS-INUNAVAIL 

CALL  CLOSCSTREALPAIRR (CZERO, CPOLEPAIR, IAVAILREALZ 
INUNAVAIL, ICLOBERPAIR) 

COROPZ (4*(TT-1>*1) "CZERO (ICL08E RPAIR(l) ) 


nnnnnnnnnnnnn 


nonooonn  ►*  nnnnnnn  o  n  o  o  o  o  o  o  o  o  o  o  o  o  o  n 


FUNCTION!  DETERMINES  IF  ANY  REAL  ZEROS  ARE  AVAILABLE 


INPUT i  CZEAO 

IU0EDZERO6 


ZEROS 

VECTOR  OF  ZEROS  IN  CZERO  THAT  ARE  AVAILABLE 
AND  OF  THOSE  USED  ALLREADY  IN  A  MATCH-UP 
WITH  A  POLE. 


OUTPUT  i  IAVAILREALZ 


INUNAVAIL 


VECTOR  OF  INDICES  OF  AVAIL  REAL  ZEROS 
IN  CZERO 

NUMBER  OF  AVAIL  ZEROS 


8UM0UT1NE  ANYREALZER08  (CZERO,  IU8EDZER06,  IAVAILREALZ, 

♦  INUNAVAIL) 

COMPLEX  CZERO <S) 

INTESER  IU8EDZER08 (S) , IAVAILREALZ (S) , INUNAVAIL 

INUNAVAIL-S 

J-S 

00  IS  I-1,S 

IF  (lUBEDZEROB(I)  .NE.  S)  THEN  'AVAILABLE 

IF  (AINAS (CZERO ( IU8EDZER08 ( I ) > >  .EQ.  •>  THEN  'REAL  TOO 
J-J+l 

IAVAILREALZ ( J) -I USED ZEROS ( I > 

INUNAVAIL-INUMAVAIL+1 
PRINT  FOR  TEST  ONLY 
PRINT*, *  I-' , I 
PRINT*, »J-',J 

PRINT*, *  INUNAVAIL-' ,  INUNAVAIL 
PRINT*, » IUBEDZER08 ( I ) -» , I USED ZEROS ( I > 

PRINT*, ' IAVAILREALZ ( J) , IAVAILREALZ (J) 

END  TEST  PRINT 
ENDIF 
ENDIF 
B  CONTINUE 
RETURN 


SUBROUTINE  NARKiZ 

FUNCTION!  NARK  1  HEAL  ZERO  IN  1USEDZER0B  (WHICH  CONTAINS 
INDEX  NUMBERS  OF  AVAIL  ZEROS  IN  CZERO 


INPUT!  1USEDZER0S 


•VECTOR  OF  INDICES  IN  CZERO  THAT  ARE 
•AVAIL 


nnnnnnnnnnnn  nnnnnnnnnnnnnnn  onnooo 


ICLOSERi 


•  INDEX  •  IN  CZERO  TO  NARK 


OUTPUT  1 1 UKD ZEROS 


•NARKED  VERSION 


SUBROUTINE  NARK1Z (IUBEDZEROS, I CLOSER 1) 
INTESER  IU6EDZER08  (S) .  I  CLOSER! 


SUBROUTINE  NARK2Z 

FUNCTIONi  NARK  6  REAL  ZEROS  IN  IUBEDZEROS  (WHICH  CONTAINS 
INDEX  NUWER8  OF  AVAIL  ZERQ8  IN  CZERO 

INPUT i  IUBEDZEROS  'VECTOR  OF  INDICES  IN  CZERO  THAT  ARE 

•AVAIL 

ICL08ERPAIR  OR  'INDEX  M  (8)  IN  CZERO  TO  NARK 
ICLOSECPAIR 

OUTPUT i IUBEDZEROS  'NARKED  VERSION 


SUBROUTINE  NARKeZ (IUBEDZEROS,  1CLOSE) 
INTE8ER  IUBEDZEROS (8>,ICL0SE<8> 
IUBEDZEROS ( ICL08E (!))■# 

IUBEDZEROS (ICL08E (8) )-« 

RETURN 


SUBROUTINE  CL06E8TIZER0 


FUNCTIONi  FINOS  CLOSEST  8INBLE  POLE  TO 


INPUTi  CZERO 


ZEROS 


IAVAILREALZ  AVAIL  ZEROS 

INUNAVAIL  NUNBER  ZEROS  AVAIL 


OUTPUT  i ICLOSERI 


INDEX  IN  CZERO  OF  CLOSEST  8INSLE  ZERO 


SUSROUTIIC  CLOSEST! ZERO (CZERO, CPOLEPAIR, IAVAILREALZ, 

♦  INUNAVAIL,  ICL08ER1) 

CONPLEX  CZERO (A), CPOLEPAIR (8> 

INTEBER  IAVAILREALZ (S>, 1NUNAVAIL 

ICLOBERI-IAVAILREALZd)  !A88UNE  ITS  FIRST  ONE  TO  START 

DO  IS  I-t, INUNAVAIL 

IF  (CRBB<CZEROdAVAILREALZd))-CPOLEPAIR(l))  .LT. 

♦  CA8S(CZER0(ICL06ER1)-CP0LEPAIR(1) ) )  THEN  !ITS  CLOSER 
ICL06ER1>IAVAILREALZ(I) 


nnn~m  o  ono  nnnnoononooonnooo 


. . Ml 

flUMOUTUS  CL06E8TREALPAIRC 


FUNCTIONi  FINDS  CLOSEST  NEAL  PAIR  OF  ZEROS  TO  REF  POLE 
(ASSUMES  THAT  THE  REF  POLE  18  COMPLEX) 


INPUT i  CZERO 

CPOLEPAIR 

IAVAILREPLZ 

INUMAVAIL 


ZEROS 

REFERENCE  POLE 
AVAIL  ZEROS 
NUMBER  ZEROS  AVAIL 


OUTPUT i ICLOSERPAIR  INDEX  IN  CZERO  OF  CLOSEST  ZERO  PAIR 

(TMO  ELEMENT  VECTOR  OF  INDICES) 


OTHER  VARIABLES! 
DTD 


TEMPORARY  VARIABLE 


SUBROUTINE  CL08E8TREALPAIRC (CZERO, CPOLEPAIR, IAVAILREPLZ, 

*  ZNUMAVRZL, ICLOSERPAIR) 

COWIJEX  CZERO  (8),  CPOLEPAIR  (8) 

INTESER  IAVAILREPLZ (S) , INUMAVAIL, ICLOSERPAIR (2) 

ORDER  ALL  THE  ZEROS 

DO  IS  X INUNAVAIL-1 ).l,-t 
DO  ES  1-1,  J 

IF  (CAB8(CZER0(IAVAILREALZ(I) )-GPOLEPAIR(l) )  .ST. 

♦  CPS6<CZER0<IPVAILREALZ(I+1>>-CP0LEPAIR<1>)>  THI 

•SI 

DTD-IAVAILREALZU+l) 

IAVAILREPLZ ( !♦! ) -IAVAILREPLZ ( I ) 

IAVAILREPLZ (I) -DTD 
ENOIF 

I  CONTINUE 

I  CONTINUE 

NON  SET  CLOSEST  TWO 

ICLOSERPAIR ( 1 ) -IAVAILREPLZ ( 1 ) 

ICLOSERPAIR (8) -IAVAILREPLZ (8) 

C 


a 

o 


C  SUBROUTINE  CLOSESTCOMPLEXPAIR 
C 

C  FUNCTION!  FlISM  CLOSEST  COMPLEX  PAIR  OF  ZEROS  TO  REF  POLE 


nnnnnnnnnnnnnn  o  o  *;  n  non  onnonnononnnnnnn 


uuuu  oou  u  uhuuu  u  *n  •*  u  a 


TEMPORARY  VARIABLE 


OTHER  VARIABLES! 
DTD 


SUBROUTINE  CL06E8TR£ALPAIRR(CZER0, CPOLEPAIR, IAVAILREALZ, 

♦  INUMAVAIL, ICLOBERPAIR) 

COMPLEX  CZERO!S>, CPOLEPAIR (2) 

INTEGER  IAVAILREALZ (S), INUMAVAIL,  ICLOBERPAIR (2) 

ORDER  ALL  THE  ZER08 

DO  IB  J-<ZNUNAVAIL-l),l,'l 
DO  2B  1-1, J 

IF  (CABB(CZERO( IAVAILREALZ! I) ) -CPOLEPAIR! 1)>  .0T. 

♦  CA08!CZER0! IAVAILREALZ i I+l) )-CPQLEPAIR(l) ) )  THEN 

■  SNA 

DTD-IAIVAILREALZ ! 1+1 ) 

IAVAILREALZ ! I+l ) -IAVAILREALZ ( I > 

IAVAILREALZ! I) -DTD 
ENDIF 

I  CONTINUE 

I  CONTINUE 

NON  SET  CLOSEST  TWO 

ICLQOERPAI R ! I ) -IAVAILREALZ I I > 

IF  < INUMAVAIL  .EB.  2)  THEN 
ICLOBERPAIR (2) -IAVAILREALZ ! 2) 

BO  TO  19 


DO  SB  J-! INUNAVAIL-1) ,2,-1 
DO  40  1-1, J 

IF  !CABB!CZERO! IAVAILREALZ! I) ) -CPOLEPAIR (2) >  .0T. 
CAB8 !CZERO! IAVAILREALZ ( 1+1) ) -CPOLEPAIR (2) ) )  THEN 

!  SWA 

DTD-IAVAILREALZ(I+1) 

IAVAILREALZ ! !♦! ) -IAVAILREALZ ! I ) 

IAVAILREALZ! I) -DTD 
ENDIF 
CONTINUE 
CONTINUE 

ICLOBERPAIR (2) -IAVAILREALZ !2> 

ENDIF 


RETURN 


COMPLEX  CPOLE !S) , CZERO (B) 


INORD-4 

IDORD-4 

CALL  RDORDER ! INORD, IOORD, HK) 


MODULE  NAME I  RDHTF.  FOR 

FUNCTION i  READS  AN  A8CII  DATA  FILE, CHANGES  ITS  CONTENTS 
AND  THEN  REUNITES  THE  FILE  TO  A  NEW  FILE. 

INPUT!  S  MAXIMUM  ORDER  DICES  MILL  HANDLE 

INORD  ORDER  OF  NUMERATOR  OF  CONTROLLER 
IOORD  ORDER  OF  DENOMINATOR  OF  CONTROLLER 


OUTPUT!  CZERO 
CPOLE 


COMPLEX  ARRAY  OF  ZENOS  OF  CONTROLLER 
COMPLEX  ARRAY  OF  POLES  OF  CONTROLLER 


OTHER!  TRZ 
TIZ 
TRP 
TIP 
PS 
RR 
R4 


TEMP  STORAGE  OF 
TEMP  STORAGE  OF 
TEMP  BTORAGE  OF 
TEMP  STORAGE  OF 
DUMMY  VAR  FOR  6 
DUMMY  VAR  FOR  S 
DUMMY  VAR  FOR  4 


PARTS  OF  ZEROS 
PARTS  OF  ZEROS 
PARTB  OF  POLES 
PARTS  OF  POLES 
ITEMS/LINE 
ITEMS/LINE 
ITEMS/LINE 


SUBROUTINE  ROHTF  < INORD, IDORD, CZERO,  CPOLE) 
REAL  LINEO) 

REAL  P0<6),RR<2) 

REAL  R4 (4) , TRZ (8) ,  TRP (8) t TIZ (8) , TIP (8) 
REAL  TT1, TT8 

COMPLEX  CZERO <8), CPOLE (8) 


DO  S  >1,8 
CZERO(I)- <9999, 9999) 

CPOLE <I) - <9999, 9999) 

CONTINUE 

HI«HMM!I  OPEN  FILES  IHimUHftMWHWII 

•MEMORY. DAT’  18  THE  VARIABLE  STORAGE  FOR  ICECAP 
IT  18  READ  IN,MOOIFIED,  AM)  TRANSFERRED 
TO  *  MEMORYICW.  DAT' . 


OPEN  (UNIT-1,  FILE-' 
REWIND  I 


MEMORY. DAT* , STATUS-*  OLD* ) 


nnoononnnnnnonpnxn  non  nn#»  nnn 


READ  IN  HTF  NOW 

DATA  8TAAT8  AT  DATA  ITEM  §3. 

•  OF  LINE8  TO  READ  IB  l+INTI <IN0RD-3>/5+.8> 

EX.  -  IF  INORD  -  14  THEN  LINES  READ  MUST  BE 
1  FOR  FIRST  3  DATA  ITEMS 

3  FOR  NEXT  11  ITEM8  INT(14-3>/5+.8>-3 

4  LINES 


X 

X 

D1 

Dfi 

D3 

D4 

DS 

DS 

D7 

DS 

D9 

DIR 

Dll 

D18 

D13 

D14 

X 

X 

X 

X 

onnnnn 


■  t  * 


19 


READ(1,*>  LINE 

IF  (ITNORD  .LE.  3)  THEN  'JUST 
DO  19  I -1, ITNORD 
TRZ(I)-UNE(I+8> 

CONTINUE 

ELSE 

DO  89  1-1,3 
TRZ (I) -LINE (1+8) 

CONTINUE 

ITN0RD-ITN0RD-3 

TT3-IN0N0 

DO  39  1-1, INT ( (TT3-3) /5+. 8) 
READ(1,»)  LINE 
TNZ  (3+5*  (  1-1 )  +1  >  -LINE  (  1  > 
ITNORD- I TNORD-1 


3  OR  LESS 

! ZERO  REAL  PART 

IMORE  THAN  3 
•READ  FIRST  3 

!FOR  3  JUST  READ  IN 

•NON  THE  REST 

!READ  IN  TO  TENP  VARIABLE 


IF  (ITNORD  .NE.  9)  THEN  ! READ  IN  ANOTHER 
TRZ(3+5*(I-l)+8)-LINE(8) 

ITNORD- I TNORD-1 
ENDIF 

IF  (ITNORD  .NE.  9)  THEN  !READ  IN  ANOTHER 
TRZ (3+5# ( 1-1 ) +3) -LINE (3) 

ITNORD- I TNORD-1 
ENDIF 

IF  (ITNORD  .NE.  9)  THEN  !REAO  IN  ANOTHER 
TRZ  (3+5*  ( 1-1 )  +4)  -LINE  (4) 

ITNORD- I TNORD-1 
EM)IF 

IF  (ITNORD  .NE.  9)  THEN  'READ  IN  ANOTHER 
TRZ (3*5* ( 1-1 ) +5) -LINE (5) 

ITNORD- I TNORD-1 
ENDIF 

39  CONTINUE  !BO  HEAD  ANOTHER  RON 

ENDIF 

C  NOTE I  THIS  ROUTINE  HILL  ONLY  HORN  FOR  ORDER  (49  BECAUSE 

C  OF  THE  HAY  THE  MEMORY  FILE  IS  SET  UP.  TO  WORK  FOR  99,  IT 
MUST  RE-USE  THE  LAST  LINE  READ  BECAUSE  THERE  IS  ALSO  HTF 
IMAGINARY  DATA  IN  THE  LAST  LINE. 


NON  READ  IN  EN0U6H  LINES  TO  HOVE  TO  I NASINARY  PART  OF  HTF  ZEROS. 
THE  IMAGINARY  DATA  START8  AT  LINE  369  (DATA  ITEM  43) OF  THE 
MEMORY.DAT  FILE. 

DO  39  1-1, <19-<1+INT ( (TT3-3) /3+.S) ) ) 

READ(1,#>  LINE 
35  CONTINUE 

C  . . . . 

C  NON  READ  IN  THE  IMAGINARY  PART  OF  HTF  ZEROS  INTO  TIZ  (TEMP) 
ITNORD-INORD 
HEAD(1,»)  LINE 

IF  (ITNORD  .LE.  3)  THEN  !JUST  3  OR  LESS 
DO  99  1-1, ITNORD 

TIZ (I) -LINE (1+8)  ! ZERO  REAL  PART 

99  CONTINUE 


!MOHE  THAN  3 


DO  60  1-1,3  ! READ  FIRST  3 

TIZ(I)-L1NE(I+S) 

60  CONTINUE 

XTN0RD-1TN0RD-3  IFOR  3  JUST  READ  IN 

DO  70  I»l, I NT ( (TT3-3) /5+. 8)  INOU  THE  REST 

READ<1,*)  LINE 

TXZ(3+5*(I-1)+1)-LINE(1)  IREAD  IN  TO  TENP  VAR 
ITNORO-ITNORD-1 


IF  (ITNORD  .NE.  •)  THEN  IREAO  IN  ANOTHER 
TIZ  13*4*  ( 1-1 )  40) -LINE  <8> 

ITNORD- I TNORD-1 
ENDIF 

IF  (ITNORD  .NE.  S)  THEN  IREAD  IN  ANOTHER 
TIZ  <3+5*  ( 1-1 )  4-3)  -LINE  (3) 

ITNORD- I TNORD-1 
ENDIF 

IF  (ITNORD  .NE.  •)  THEN  IREAD  IN  ANOTHER 
TIZ(3*S*(I-1)44)HLXNE(4) 

ITNORD- I TNORD-1 
ENDIF 

IF  (ITNORD  .NE.  t)  THEN  IREAD  IN  ANOTHER 
TIZ (349* ( 1-1 ) ♦S)  H.INE (S) 

ITNORD- I TNORD-1 
ENDIF 

7S  CONTINUE  ISO  READ  ANOTHER  ROM 

ENDIF 
C 

C  NON  READ  IN  EN0U8H  LINE8  TO  HOVE  TO  REAL  PART  OF  HTF  POLES. 
C  THE  REAL  DATA  STARTS  AT  LINE  37S  (DATA  ITEM  *3>0F  THE 
C  HEHDRY.DAT  FILE. 

DOSS  1-1,  (lS-(l4XNT<(TT3-3)/5+.8))) 

READ(1,*>  LINE 
SS  CONTINUE 


C  NON  DO  POLES  OF  HTF 


C 

C  NON  READ  IN  THE  REAL  PART  OF  HTF  POLES  INTO  TRP  (TEMP) 
ITDORD-IDORD  I  TEMP  •  OF  POLES 

TT3-IOORD 
READd,*)  LINE 

IF  (ITDORD  .LE.  3)  THEN  ! JUST  3  OR  LESS 
DO  9S  1-1, ITDORD 

TRP(I)-LINE(I40)  I  REAL  PART  OF  ZERO 

90  CONTINUE 


ELSE  I MORE  THAN  3 

DO  100  1-1,3  IREAD  FIRST  3 

TRP(I)-LINE(I+£) 

PRINT*,* TRP  * , TRP(I) 

CONTINUE 

ITDORD-XTDORD-3  IFOR  3  JUST  READ  IN 

DO  110  1-1, INT ( (TT3-3) /5+. 0)  INOU  THE  REST 

REA0(1,*)  LINE 

TRP(349*(I-1)4>1)-LINE(1)  IREAD  IN  TO  TEMP  VAR 

ITDORD-ITDORD-1 


C 

100 


n  n «-  nnnnnn 


!  READ  IN  ANOTHER 


C  SECOND  ONE  IN  RON 

IF  (ITDORO  .NE.  •)  THEN 

TRP <3+5* < 1-1 ) +fi) -LINE <2) 

ITDORD-ITDORD-1 
ENDIF 

IF  (lTDORD  .NE.  •>  THEN  ! READ  IN  ANOTHER 

TRP(3+5*(I-l)+3)-LINE(3) 

ITDORD-ITDORD-1 

ENDIF 

IF  < ITDORD  .NE.  •)  THEN  ‘READ  IN  ANOTHER 
TRP (3*5* < 1-11 +4)  -LINE (4> 

ITDORD-ITDORD-1 

ENDIF 

IF  (ITDORD  .NE.  t>  T*N  IREAD  IN  ANOTHER 
TRP(3*5*  ( 1-1  >  +S> -LINE  (3) 

ITDORD-ITDORD-1 

ENDIF 

HD  CONTINUE  !0Q  READ  ANOTHER  RON 

ENDIF 

PRINT*, *  REAL  PART  POLES' , TRP 


NON  READ  IN  ENOUGH  LINES  TO  HOVE  TO  I NAB  PART  OF  HTF  POLES. 
THE  I NAB  DATA  8TART8  AT  LINE  38B  (DATA  I TEN  §3) OF  THE 
NENORV.DAT  FILE. 

DO  180  1-1, (l#-<l+INT((TT3-3>/5+.8>>) 

READd,  *>  LINE 
SB  CONTINUE 


NON  READ  IN  THE  I NAB  PART  OF  HTF  POLES  INTO  TIP  (TENP) 
ITDORD- I DO RD 
READd,*)  LINE 

IF  (ITDORD  .LE.  3)  THEN  ! JUBT  3  OR  LES8 
DO  13B  1-1, ITDORD 

TIP(I)-LINE(I*£>  'ZERO  REAL  PART 

13B  CONTINUE 


14# 


00  14#  1-1,3 
TIP(I)-LINE(I+8> 

CONTINUE 
1TD0RD-ITD0RD-3 
DO  14S  1-1, INT ( (TT3-3) /S+. S> 
READ(1,«)  LINE 
TIP(3*9*(I-1)+1>-LINE(1> 
ITDORD-ITDORD-1 


!NORE  THAN  3 
IREAD  FIRST  3 


IFOR  3  JUBT  READ  IN 
I NON  THE  REST 

IREAD  IN  TO  TEN P  VAR 


IF  (ITDORD  .NE.  •)  THEN  IREAD  IN  ANOTHER 
TIP(3+3* ( 1-1 )  «*> -LINE(E) 

ITDORD-ITDORD-1 

ENDIF 

IF  (ITDORD  .NE.  •>  THEN  IREAD  IN  ANOTHER 
TIP (3*5* ( 1-1 ) *3) -L INE ( 3) 

ITDORD-ITDORD-1 
ENDIF 

IF  (ITDORD  .NE.  •)  THEN 


IREAD  IN  ANOTHER 


o  o  o  **  nnnnn 


TIPI3+5*(I-1)+4)K.INE<4) 

ITD0RD-ITD0RD-1 

ENDIF 

IF  CTDORD  .ME.  t)  THEN  !READ  IN  ANOTHER 
TIP  <3+S#  <  I-I  >  +5)  -LINE  C5> 

ITDORD-ITDORD-1 

ENDIF 

145  CONTINUE  !BO  READ  ANOTHER  ROM 

ENDIF 

. . . . * . . . . . . . . 


MOM  FILL  UP  CPOLE  AND  CZERO  COMPLEX  ARRAYS 
DO  ZEROB 

DO  19D  1-1, INORD 
TT1-TRZCI) 

TT8»TIZ<I> 

CZEA0<1)-CMPLX<TT1,TT8> 

M  CONTINUE 

DO  POLES 

DO  16S  1-1, IDORD 
TTl-TRP(I) 

TT8-TIPCI) 

CPOLE ( I > -CMPLX (TTI , TT8) 

16S  CONTINUE 


RETURN 

END 

PRO0RAM  RD 

COLL  RDORDER ( INORD, IDORD*  HK, TSAMP) 
PRINT*, INORD,  IDORD, HK, TSAMP 
8T0P 
END 


MODULE  NAME i  RDORDER.  FOR 

FUNCTION!  READS  THE  ORDER  OF  THE  NUMERATOR  AND 
DENOMINATOR  OF  HTF. 


OUTPUT!  INORD 
IDORD 
TSAMP 


ORDER  OF  NUMERATOR  OF  CONTROLLER 
ORDER  OF  DEMON  OF  CONTROLLER 
SAMPLE  RATE  U8ED  IN  ICECAP 


OTHER! 


PS 

DUMMY 

RR 

DUMMY 

R3 

DUMMY 

R4 

DUMMY 

VAR  FOR  S  DATA  ITEMS/LINE 
VAR  FOR  8  DATA  ITEMB/LINE 
VAR  FOR  3  DATA  ITEMB/LINE 
VAR  FOR  4  DATA  ITEMB/LINE 


SUBROUTINE  RDORDER ( INORD, IDORD, HK, TSAMP) 
REAL  LINE  (S) ,  PS  (6) ,  RR  (8) ,  R4  (4) ,  HK,  R3  (3) 
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•  ***  'V**»  ■  •  **•_-  •  •  •  •  •  *  •/  '  •  ‘  'otk' 


nnnonnnn'in  non  n  n  o>  nnn  nnnn  *■  ro  nnnnn  on 


’  MEMORY. DAT*  18  THE  VARIABLE  STORAGE  FOR  ICECAP. 

OPEN  < UNIT-1,  FILE-*  MEMORY. DAT* , STATUS-’ OLD*  > 
REWIND  I 


READ  PAST  LINE8 

READd,*)  P 

DO  8  1-1,148 
READd,*)  LINE 
K-I+l 

CONTINUE 

1-389  OF  FILE 

•READ  THE  969  AT  FRONT  OF  FILE 
•REAO  LINES  2-141  <S  88  PER) 

READd,*)  PG 

! READ  6  88 

READd,*)  PG 

! READ  6  88 

READ<1,*>  RR 

! READ  2  88  (LINE  144) 

K-K+3 

DO  4  1-1,128 

! READ  LINEB  149-264  (9  88) 

READd,*)  LINE 

CONTINUE 

K-K+I-l 

*****  LINE  *,K 

READd,*)  R4 

!LINE  269  -4  88 

READd,*)  PG 

•LINE  266  -6  88 

READd,*)  RR 

•LINE  267  -2  88 

PRINT*,  *  *»■*****< 

PRINT*,*  RR  *,RR 

DO  6  1-1,61 

•LINES  268-328 

READd,*)  LINE 

CONTINUE 

PRINT*, ’LINE  328 

-  ’ , LINE 

READd,*)  RR 

!LINE  329  -2  88 

PRINT*, ’LINE  329 

-  *,RR 

READ  PAST  BTF 

DO  7  1-1,68 

•LINE8  338-389 

READd,*)  LINE 

PRINT*,  LINE 

CONTINUE 

READ  IN  HTF  NOW 

DATA  8TART8  AT  DATA  ITEM  *3. 


C  NON 

READ  THE  LINE  WITH  ORDER  IN  IT 

LINE  0  390 

C 

READd,*)  LINE 

IN0RD-LINE(3) 

IDORD-LINE<4) 

C 

C  NOW  COMPUTE  HK-HNK/HDK 

C  PND  SET  TO  TBAHP  AT  LINE  £13(4) 

C 

READd,*)  R3 

!LINE  391 

HNK-R3U) 

! BET  HNK 

H0K-R3(2) 

•SET  HDK 

HK-HNK/HDK 

! COMPUTE  HK 

DO  300  1-1,61 

READd,*)  LINE 

!LINE8  392-432 

3* 

CONTINUE 

READd,*)  RR 

'LINE  433 

DO  310  1-1,61 

READd,*)  LINE 

! LINES  434-314 

310 

CONTINUE 

READd,*)  RR 

•SIS 

READd,*)  P8 

•316 

READd,*)  R3 

•317 

DO  320  1-1,27 

READd,*)  PB 

!LINE8  318-344 

320 

CONTINUE 

DO  330  1-1,4 

READ(1,«)  LINE 

!LINE8  343-340 

330 

CONTINUE 

READd,*)  R3 

!549 

DO  340  1-1,30 

READd,*)  LINE 

! LINES  330-579 

340 

CONTINUE 

READd,*)  R3 

!580 

DO  330  1-1,32 

READd,*)  LINE 

ILINE8  301-612 

330 

CONTINUE 

READd, •)  R4 

!613 

READd,*)  PS 

•614 

READd,*)  R4 

! FINALLY  613 

C 

C  SET  THE  T8AMP  VALUE 

C 

T8ANP-R4(4) 

C 

c 

CLOSE  (UNIT-1) 

■ 

mmm 


onooaooooonnonoonononnnnnnonnoooooooooonooonooonoooo 


v-t vv^vwv^'.t ■Aiijnv,TA,wa.wi  w  w  is1  ro  -mh  m  w  wuw  L*n»«  lvii  w  m  irnwninyi 


NAME  I 
FUNCTIONS 

INPUTS  CORDPZ 

NUN8ECT8 

T8AMP 

HK 

I SECTORS 
TRFLB 

OUTPUTS  NEUCO. TXT 


OTHERS  ICNT 

FRACHK 

ADJ 


ITS MP 

BO,  B1,BS 
AO,  A1 


MULTRT8 

MULTIPLY  OUT  THE  R00T8  OF  THE  NUMERATOR 
AND  DENOMINATOR  TO  YIELD  FIR8T  AND 
SECOND  ORDER  POLYNOMIALS  AND  THEN  QUANTIZE 
THE  COEFFICIENTS 

ARRAY  OF  ZERQ8  AND  POLES  FOR  EACH 
SECTION  OF  FILTER.  9999  MEAN8  NO 
ENTRY  IN  THAT  POSITION. 

NUMBER  OF  8ECTI0NB 

SAMPLE  PERIQO  FROM  ICECAP 

NUMERATOR  LOOP  8EN8IT1VITY  TERM 
HIGHEST  POWER  OF  Z  COEFFICIENT  IN 
NUMERATOR  DIVIDED  BY  HI8HE8T  POWER  OF  Z  IN 
DENOMINATOR. 

ARRAY  CONTAINING  ORDER  OF  SECTIONS 

TRUNCATE  OR  ROUMMFF  FLAB 
1  •  TRUNCATE,  S-ROUND-OFF 

DATA  FILE  WITH  SI  ELEMENTS  THAT 
CONTAINS  THE  QUANTIZED  COEFFICIENTS 
IN  INTEGER  FORM.  T8AMP  18  AT  POSITION  81. 
FOUR  8ECTI0N8  OF  FIVE  COEFFICIENTS  FOR 
EACH  SECTION  FOR  THE  POLYNOMIAL 
COEFFICIENTS.  ORDER  18  B0,B1,B8,A1,A8. 

IF  A  CQEFFICI CCENT  18  ZERO,  IT  WILL  BE  A 
ZERO  IN  INEWCO.  DEFAULT  VALUE8  ARE  38767 
FOR  BS  TERMS.  ZERO  FOR  ALL  OTHERS. 

• 

ORDER  OF  EACH  SECTION  (S,l,  OR  8) 

FRACTION  OF  HK  SPREAD  OVER  EACH  8ECTI0N 
THAT  IS  USED 

CORRECTION  FOR  LOSS  OF  BAIN  BECAU8E  OF  •  1* 
BEING  .999969 

INTEGER  VER8I0N  OF  TSAMP 

SECTION  COEFFICIENTS  OF  FORM 

BS  ♦  B1ZMINUB1  ♦  B8ZMINU88 


G(Z)« 


•f.  -  „  - 


- 


1  -  ASZMINUBl  -  A1ZMINU88 


IvMvl 

i.V.vl 


SUBROUTINE  MULTRTS (CORDPZ, NUM8ECTS, TSAMP, HK,  I SEC TORO, TRFLB) 
INTEGER  INEWCO (81 ),  ISECT0RD<4) 

COMPLEX  CORDPZ (16) 


*•  .'■> 
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on  ononononnno  qnnnnnoo  nu 


REAL*8  TT.HK 

REAL*8  ADJ, FRACHK, BG,  B1,B2,  Al,  A2 

C 

C  INITIALIZE  INEWCO  (32767  FOR  BG  TERMS,  S  FOR  REST) 

C  THIS  REPRESENTS  APPROX  ONE  (HIGHEST  +015  NUMBER) 

C  LOSS  OF  SAIN  WILL  BE  COMPENSATED  FOR  IN  HK  THAT  SETS 
C  MULTIPLIED  THROUGH  THE  NUMERATOR. 

C 

DO  S  1-1,21 
INEWCO(I)-t 
CONTINUE 

INEWCO (1) -32767 
INEWCO (6) *32767 
I  NEWCO(  ID-32767 
INEWCO (16) -32767 

OPEN  A  PRINT  FILE  FOR  TESTING 


WRITE (8,*)  ’CORDPZ' 

DO  7  1-1, 16 
WRITE (8, •)  CORDPZ (I) 

7  CONTINUE 

WRITE (S,»),«  • 

WRITE (8,*),*  • 

GO  THROUGH  LOOP  NUMBER  OF  SECTIONS  USED  (NUM8ECT8) 


CORRECTIONS  FOR  GAIN  LOOSES  DUE  TO  .9999694  COEFFICIENTS 
OF  SECTIONS  THAT  ARE  NOT  USED.  (AS  CL08E  TO  1  AS  CAN  GET). 

THE  TEST  FOR  S  18  TO  AVOID  A  DIVIDE  BY  ZERO  AND  TO  ALLOW  ONE 
PASS  THROUGH  THELOOP  THAT  C0MPUTE8  THE  QUANTIZED  COEFFICIENTS 


IF  (NUMBECT8  .EQ.  •)  THEN 
FRACHK-1.GM12 
NUMSECTS-1 
ADJ-1.  G88G3G519 

ELSE 

ADJ-(1.  GGGG30319**(4-NUMSECTS) )**(!. S/NUMSECTS) 
FRACHK-HK## (1. 0/NUM8ECT8) 

ENDIF 


C 

C 


WRITE (8,*) 
WRITE (8,*) 
WRITE (8,*) 
WRITE  (8,  #> 
WRITE  (8,  •> 
WRITE (8, •> 
WRITE (8,*) 


’  COEFFICIENT  QUANTIZATION  ’ 

'  NUM8ECT8  -’ , NUMSECT8 
’ADJ  *' ,  ADJ 
’HK  -' , HK 
'  FRACHK  •* ,  FRADK 
’ T8AMP  -• , T8AMP 


non  o  n  o 


00  10  K-1,NUMS£CT8 
I-ISECTORD(K) 

WRITE  (8,*)  ’#*****i 

C  NUMERATOR  FIRST* 


C*** ************** 


WRITE (8, *)  ’SECTION  NUMBER  ’,K 
ICNT-0 

IF  <R£AL(CORDPZ (4*(I-1)+1) )  .NE.  9999.0)  THEN 
ICNT-ICNT+1  ! 1ST  ORDER 
ENDIF 

IF  (REAL (CORDPZ (4* ( 1-1 ) *8) )  .NE.  9999.)  THEN 
ICNT-ICNT+1  !SND  ORDER 
ENDIF 

C  WRITE (8, «)  * ICNT  ■* , ICNT 


IF  (ICNT  .EQ.  8)  THEN  !2ND  ORDER 

Bl-REAL (CORDPZ (4* ( 1-1 ) +1 ) )  +REAL (CORDPZ (4* ( 1-1) +2)) 
B2-C0RDPZ (4*(I-1)  +1 ) *CORDPZ (4* ( 1-1 ) +2) 

Bl— ADJ*FRACHK*B1 
B2-ADJ*FRACHK*B2 
B0-FRACHK*ADJ 
WRITE  (8,*)  *B0  -’,B0 
WRITE (fl, *)  ’Bl  -»,B1 
WRITE (8, *)  ’B2  -»,B8 


IF  (TRFLB  . EQ. 1  )  THEN 
IBO-INT (BO* 32768) 

IB1-INT (81*32768) 

IB2-INT (82*32768)  ! TRUNCATE 

ELSE 

IB0-INT (80*32768+. S)  ! ROUND 

IB1-INT(B1*32768+.  9) 

IB2-INT (B2+32768+.  9) 

ENDIF 

WRITE (8|  •)  ’  IB0  IBO 
WRITE (8, •)  * IB1  -* , IB1 
WRITE (8, •)  ’  IB2  ■’ | IBS 


SAVE  C0EFF8  IN  INEWCO 


1NEWC0 (9* ( 1-1 ) +1 > -IBO 
INEWCO (5* (1-1) +2) -I Bl 
INEWCO (9* ( 1-1 ) +3) -IBS 
ENDIF 


FIRST  ORDER 

IF  (ICNT  .EQ.  1)  THEN  !18T  ORDER 

IF  (REAL (CORDPZ (4* (I-D+l))  .NE.  9999)  THEN  !IT8  USED 
81-REAL (CORDPZ (4* (I-l)+l>) 

ENDIF 

IF  (REAL (CORDPZ (4* (1-1) +2) >  .NE.  9999)  THEN  !IT8  U8ED 


•VO 
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non  on 


Bl-REAL (COROPZ (4* ( 1-1 ) *2) ) 
END  IF 

Bl—  B1*ADJ*FRACHK 
B8-FRACHMADJ 
WRITE  (8,*)  *88  ■*  ,B8 
WRITE (8,*)  * Bl  ,B1 

TRUNCATE  OR  ROUND 


IF  (TRFLB  .EO.  1)  THEN 
IBJHINT  (B0*32768) 

IB 1-INT(B1 *32768) 

ELSE 

1BB-INT <B8*32768+. 5) 
IB1»INT (Bl *32768+.  S) 
END  IF 

WRITE (8, •)  '  IB8  ■' , IBB 
WRITE <8,  •)  * IB1  ■* ,  IB1 


STORE  IN  INEUCO 


INEWCO (5* (I-l)+l)aIB8 
INEWCO (5* (1-1) +8) -IB1 
END1F 

C  ! BTH  ORDER  -  DO  NOTHING 

C 

C******************* 

c  * 

C  NOW  DENOMINATOR  • 


ICNT-8 

IF  (REAL(C0RDPZ(4*(I-l)+3) )  .NE.  9999.8)  THEN 
ICNT-ICNT+1  ! 1ST  ORDER 
ENDIF 

IF  (REAL (COROPZ (4* (1-1) +4) )  .NE.  9999.8)  THEN 
ICNT-ICNT+1  '2ND  ORDER 
ENDIF 


IF  (ICNT  .EO.  8)  THEN  !2ND  ORDER 

Al-REAL (CORDPZ (4* ( 1-1 ) +3) ) +REAL (COROPZ (4* ( 1-1 ) +3) ) 
Ae— -COROPZ (4* ( 1-1 > *3) *CORDPZ (4# ( 1-1 > +4) 

WRITE (8, •)  • A1  ■’ ,A1 
WRITE (8,*)  '  A2  ■* ,  A2 


IF  (TRFLB  .EQ.  1)  THEN 
IA1-INT(A1 *38768) 
IA2MNT  (A8* 32768) 

ELSE 

IA1*INT (Al*32768+. S) 
IA8-INT ( A8*38768+. S) 
ENDIF 

WRITE (8,*)  MAI  -*,IA1 
WRITE (8,*)  ' IA8  -*,IA8 


•TRUNCATE 
! ROUND 


C  SAVE  C0EFF8  IN  INEWCO 


non  o  no  no  oonoo^n  non  on 


C 


INEWCO <5* ( 1-1 ) +4) -IA1 
INEWC0<5*(I-l)+5)-IA2 
END  IF 


IF  (ICNT  .EQ.  1)  THEN  !18T  ORDER 

IF  (REAL (CORDPZ <4* (1-1) +3) >  .NE.  9999)  THEN 

118  IT  9999? 

Al-REAL (CORDPZ (4* < I-i ) +3) ) 

END  IF 

IF  < REAL (CORDPZ (4* ( 1-1 ) +4) >  .NE.  9999)  THEN 

•18  IT  9999? 

Al«REAL(C0RDPZ(4*(I-l)+4) ) 

END  IF 

WRITE (8, •)  ' A1  -»,Al 

TRUNCATE  OR  ROUND 

IF  (TRFL8  .EQ.  1)  THEN 
IA1*INT(A1«32768) 

ELSE 

IA1«INT (Al*32768+. S) 

END  IF 

WRITE (8,  •)  MAI  ■• ,  IA1 
STORE  IN  INEWCO 


INEWCO (5»(I-l)+4) -I A1 
END  IF 

CONTINUE 


!0TH  ORDER  -  DO  NOTHINB 


NOW  PUT  T8AHP  IN  POSITION  21  A8  AN  INTEGER 
AND  CHECK  IT  FOR  LINIT8 

IF  (T8ANP  .LT.  .8E-3)  THEN  ’TOO  SMALL 

PUT  ERROR  ROPUTINE  HERE 

ENDIF 

IF  (T8AMP  .ST.  92.4289)  THEN  'TOO  LARGE 


HERE  TOO 

ENDIF 

IT8AMP-INT(  (.  8524289/ (T8ANP/4M) )  4-.  9) 

•MULT  BY  488  IN  TM8328  CODE 

WRITE  <8,  »>  . . — 

WRITE (8, •)  *  T9AHP  ■* , TSAMP 
WRITE <8, *)  *  I TSAMP  ■' , I TSAMP 

INEWCO <21 >-IT8AMP 


OPEN <UN IT-5,  FILE-*  NEWCO.  TXT* ,  BTATUB-*  NEW’  > 

DO  SO  1-1,81 

UNITE (5, 45)  INEUCO(I) 

CONTINUE 
FORMAT  (IX,  16) 


CLOSE (5) 

CLOSE (6) 

!CL08E 

NODULE  NAMEi  CHOCO. FOR 

FUNCTION i  READS  AN  ASCII  PROGRAM  FILE, 

MODIFIES  LINES  168-186 

AND  THEN  REURITE8  THE  FILE  BACK  TO  ORIGINAL  FILE. 


SUBROUTINE  CHBCO 
CHARACTERS  PGMLINE 
CHARACTERS  NEWCO 


*3DFILT. TH8’  IS  THE  MAIN  FILTER  PROGRAM  WRITTEN  IN 
TM83SS  ASSEMBLER.  IT  IS  READ  IN, MODIFIED,  AND  TRANSFERRED 
TO  *  NEW3D. ECK* . 

OPEN  (UNIT-1,  FILE-*  3DFILT.  TH8* ,  STATUS-*  OLD* ) 


•NEWCO. TXT*  C0NTAIN8  THE  28  COEFFICIENTS  AND  SAMPLE  RATE 
VALUE  TO  BE  PUT  IN  ’  3DFILT. TH8* . 

OPEN (UNIT-2, FILE-* NEWCO. TXT* , STATUS-*  OLD* ) 


•NEW3D.ECK*  18  THE  NEW  3DFILTER  PROGRAM  IN  TMS388 
ASSEMBLER  AFTER 

IT8  COEFFICIENTS  AND  8AMPLE  RATE  VALUES  HAVE  BEEN  MODIFIED 
THE  CARRIAGE CONTROL-'  NONE*  IS  REQD  TO  MAKE  FILE  READABLE 
BY  TM83S8  ASSEMBLER 

OPEN (UNIT-3,  FILE-*  NEW3D.  ECK* , CARR I A8EC0NTR0L-* NONE* , 

+  8TATU8-’  NEW* ) 


\  n 

-■  -'■■■  - 


-■  A.. 


-  -a.  -•>- 


402 


noon  nno  ooo 


CLOSE  FILE8  — 


DELETE  NEU3D.ECK 


CLOSE (UNIT-3, DI8P-' DELETE'  > 

SAVE  AND  CLOSE  3DFILT. THS  AND  NEUCO.  TXT 

CLOSE  (1)  ! 3DFILT.  THS 

CLOSE (UNIT-2, DI8P-' DELETE' ) 

PRINTABLE  3DFILT.TH8  AFTER  MODIFICATION 

CLOSE (UNIT-4, DI8P-' PRINT/DELETE' ) 


C  SUB  TO  CALCULATE  PROPER  FREQ  SPAN  SETT I NS  FOR  B4K 
C  AND  LENGTH  OF  TINE  TO  LEAVE  172B  OUTPUT  ON 

SUBROUTINE  CALCFREQBPAN(8T, FREQ8,  ONTIHE) 

CHARACTER'S  FREQS 

INTEGER  ST 

IF  ( (8T. 8E. .81S). AND.  (8T. LT. .038) )  THEN 
FREQS-' 2S6SS*  !32  MSECS 

ONTIME-.  S32 

ELSE IF  ((8T.8E..83S).AND.  (8T.LT..S62S))  THEN 
FREQS-' 12BS8'  !64  M8EC8 

0NTIME-.864 

ELSE  IF  ((ST.GE..862S).AN0. (BT.LT..125))  THEN 
FREQS-’  6488*  M2S8EC8 

ONTIME-. 125 

EL8EIF  ((8T.6E. . 123). AND. (ST. LT. .258))  THEN 
FREQS-' 32SS'  !.2S  SECS 

QNTIME-.  25 

ELSEIF  ( (8T. GE. .25). AND.  (ST. LT. . 5) )  THEN 
FREQ8-’ 16SS*  !.5  SECS 

QNTIME-.5 

ELSEIF  ( (8T.6E.  .5).  AND. (ST. LT. 1.8) >  THEN 
FREQB-'BSr  !  1  8 

ONTIME-l.t 

EL8EIF  ((ST  .8E.  1.8).AND.  (8T.LT.2.8))  THEN 
FREQ8-' 4SS*  !2  SEC8 

ONTIME-S.S 

ELSEIF  ( (8T  .BE.  2.8)  .AND.  (8T  .LT.  4.8))  THEN 
FREQ8-' 288'  !4  8 

ONTIME-4.8 

ELSEIF  ((ST  .GE.  4.8)  .AM).  (8T  .LT.  8.8))  THEN 
FREQB-’l88*  !B  8 

ONTIME-S.S 


ELSE IF 


EL8EIF 


ELBE IF 


ELSE IF 


ELSE IF 


ELSE IF 


ELSE IF 


ENDIF 

RETURN 


( <8T  .BE.  8.0)  .PM).  (8T  .LT.  16.0))  Tr 
FREQ8-'90*  ! 16  8 

ONTINE-16.0 

<  (8T  .BE.  16.0)  .AM).  (ST  .LT.  38.0))  1 
FREQ8-' 89'  !38  8 

0NTINE-38. 0 

(<BT  .BE.  38.0)  .AND.  (ST  .LT.  64.0))  1 
FREQS"' 18. S'  '648 

ONTIME-64.0 

( <8T  .BE.  64.0)  .AND.  (8T  .LT.  188.0)) 
FREQS"'  6. 85'  *188  8 

ONTIME-128. 0 

(C8T  .BE.  180.0)  .AND.  (8T  .LT.  8S6.0)) 
FREQS-' 3. 185*  !8S6  8 

QNTIME-896.S 

< (ST  .SE.  896.0)  .AM).  (8T  .LT.  918.0)) 
FREQS-' 1.96'  !918  8 

ONTIME-518.0 

(ST  .SE.  918)  THEN 
FREQ8-'1.96' 

0NTIME-918.S 


C  CONVERTS  A  CHARACTER  TO  A  NUMBER  (0-9) 
SUBROUTINE  CHARTONUM(OPP, IOPTI) 
CHARACTER* 1  OPP 
I0PT1-ICHAR(QPP)-4S 
RETURN 


C  SUBROUTINE  TO  CONVERT  INPUT  CHARACTER  NUMBER  TO  NUMERIC 
SUBROUTINE  TWOCHAR (0PP8, AMP) 

CHARACTERS  0PP8 
AMP-ICHAR (0PP8 ( 1 1 1 ) ) -48. 0 
AMP-AMP* ( ICHAR (0PP8 (818) ) -48) /10.0 


SUBROUTINE  THREECHAR (0PP3, 8TIME) 

INTEBER  8TIME 
CHARACTERS  OPP3 
STINE-9 

IF  (QPP3(lil)  .NE.  '  ')  THEN 

STINE- ( I CHAR (0PP3 ( 1 i 1 > ) -48. 0) *100 

ENDIF 

IF  (QPP3(8i8)  .NE.  •  •)  THEN 

8TIME-8TIME* ( ICHAR (0PP3 (818) > -48) *10 

ENDIF 

8TINE-STIME* ( ICHAR (0PP3 (3l 3) > -48) 


C  CONVERTS  SIX  CHARACTERS  TO  INTEGER 
C 

SUBROUTINE  8IXCHAR(0PP6,CLBW> 

CHARACTERS  CAPS 

CLBW-8 

CLBW- ( ICHAR  (0PP6  <  1 1 1 ) ) -4S.  •>  •1SSGM 
CLBH-CLBH*  (ICHAR(0PP6{Sie>  )-4S.  •)«1SMS 
CLPHHXDH*  (ICHAR<0PPfe(3i3)  )-S. «)•!—> 
CLBW-CLBH+  <  ICHAR  <0PP6<4|4>  >-48.  •)  «1M 
CLBH-CLBIH- ( ICHAR  (0PP6  (Si5)  > -48.  •>  •!• 
CL8*CLBW+(ICHAR<0PP6(6|6>>-48.G> 

RETURN 

END 

. . — — — • . I 


C  PRINT  PAIR.  PRT  FILE 
C 

BUBanilTTIg  PftIRPRT 

OPEN  (UNIT-a,  FILE-*  PAI R.  PRT*  t  STATUS-*  OLD* ) 
REWIND  8 

CLOSE (UNIT-8, D18P-*  PRINT/DELETE* ) 


•  Program  Nuai  30FILT.ECK 

• 

•  Function i  Provides  the  coda  to  iapleeent  a  ganoral  eighth- 
a  order  cascade  digital  filter  on  a  THS3201O 

a  el croprocossor 

a  Inputs*  Input  signal  data  froa  a  12-bit  A/D  converter 
a  with  fullscale  at  ♦/-  it  volts. 

a 

a  Outputs*  To  a  12-bit  D/A  converter  that  provides  +/-  10  v 
a  full  scale. 


IDT  » 

3DFILT* 

a 

a 

INPUT  DELAY  NONE  LOCATIQNB  IN  DATA  HENDRY 

a 

0000 

X4K 

EQU  0 

X4KH1 

EQU  1 

•OK 

X4KM2 

a 

EQU  2 

0003 

X3K 

EQU  3 

•004 

X3KH1 

EQU  4 

0009 

X3KM2 

a 

EQU  S 

0006 

X2K 

EQU  6 

0007 

X2KN1 

EQU  7 

0000 

X2KM2 

a 

EQU  8 

0009 

X1K 

EQU  9 

OOOA 

ximi 

EQU  10 

0000 

X1KM2 

EQU  11 

a 

a 

OUTPUT  DELAY  NODE  LOCATIONB  IN  DATA  HENDRY 

a 

oooc 

Y4KH1 

EQU  12 

0010 

Y4KM2 

EQU  13 

oooc 

Y3KN1 

EQU  14 

OOOF 

Y3KM2 

EQU  IS 

0010 

Y2KM1 

EQU  16 

0011 

Y2KM2 

EQU  17 

0012 

V1KM1 

EQU  18 

0013 

Y1KM2 

a 

EQU  19 

a 

FILTER  COEFFICIENT  LOCATIONS  IN  DATA  HEHORY 

a 

FIRST  SECTION 

0014 

Ml 

EQU  20 

0019 

Oil 

EQU  21 

M16  Ml 
M17  All 
MIA  A81 


ecu  ee 

ECU  S3 
ECU  24 


•Ilf  •  SECOND  SECTION 


•Ill 

M19 

MS 

EOU  89 

•11£ 

MIA 

B18 

EQU  M 

•113 

M1B 

B88 

EOU  87 

•114 

MIC 

A18 

EQU  88 

•119 

MID 

A88 

EOU  89 

•118 

• 

THIRD  SECTION 

•117 

M1E 

B83 

EOU  38 

•11S 

M1F 

B13 

EOU  31 

•119 

MM 

B83 

EOU  38 

•1M 

A13 

EOU  33 

•181 

M88 

A83 

EOU  34 

• 

FOURTH  SECTION 

•183 

•M3 

B84 

EOU  39 

•184 

M84 

B14 

MU  36 

•189 

MSS 

M4 

EOU  37 

•188 

MM 

A14 

EOU  38 

•187 

M87 

A84 

EOU  39 

•188 

• 

•189 

• 

OTHEA  VAAIABLE8 

•139 

• 

•131 

MM 

CLOCK 

EOU  4« 

•SAMPLE  RATE 

•138 

M89 

NODE 

EOU  41 

•SETS  AIB  NODE  TO  AUTO  SAMPLE 

•133 

M8A 

AULT 

EOU  48 

•CONBTANT 

•134 

•MB 

NABK1 

EOU  43 

*  INPUT  DATA  MASK 

•139 

•MC 

NASK8 

EOU  44 

•OUTPUT  DATA  MASK 

•138 

•MD 

YK 

EOU  49 

•FINAL  FILTER  OUTPUT 

•137 

•ME 

ONE 

EOU  46 

•VALUE  ONE 

•13S 

M8F 

NINUB1 

EOU  47 

•VALUE  MINUS  ONE  (-1) 

•139 

M3B 

A 

EOU  46 

•TEMPORARY  STORAGE  LOCATION 

•148 

•141 

M31 

B 

EOU  49 

•TEMPORARY  STORAGE  LOCATION 

•148 

• 

•143  mm 
•144  mm  fsm 


•148 

•148 

•147 

•148 

•14V 

•ISA 

•191 

•19E 

•153 

•194 

•198 


•Ml  MIS 


AOM  •  ’START  OF  PAOSAAN 

I  BTAAT  'SAANCH  AAOUND  CONSTANTS 


CONSTANT  DATA 


COMPENSATOR  COEFFICIENTS  AAE  • 

INITIALLY  STOAEP  IN  PAOBAAN  NEMOAY  • 

TXM  CONSTANTS  AAE  IN  LINE  IN  OASEA  TO  BE  ACCESSED  BY 
NAIN  FOATAAN  PAOBAAN. 

NOTE I  IF  LINES  AAE  ADDED  INTO  THIS  PAOBAAN  SEFQAE  THIS 
SECTION, THE  NAIN  PAOBAAN  DICES  NU8T  SE  NOOIFIED.  DICES 


.*  V.  V. V  V.V. -* 


. 


*„  V 


0196 

0197 

0196 

0199 

0160 

6161 

6162 

0163 

0164 

0169 

0166 

0167 

0160 

0169 

0170 

0171 

0172 

0173 

0174 

0179 

0176 

0177 

0176 

0179 

0106 

6161 

0102 

0103 

0104 

0109 

0106 

0167 

0100 

0109 

0196 

6191 

0192 

6193 

0194 

0199 

0196 

0197 

0190 

0199 

0201 


COUNTS  THE  NUNBER  OF  LINE8  BEFORE  THE  CQNBTRNT8  BELOW 
LINE  LENBTH  MUST  ALSO  BE  LE88  THAN  72  CHAR8. 
’NOTE i  00  NOT  U0E  TABS  TO  SEPARATE  DATA  - 
’USE  SPACES!  COLUNNS  1-22  ARE  READ  BY  DICES 
•AND  COLUNNS  17-22  ARE  MODIFIED  BY  DICES  AND 
*  REPLACED.  NO  TEXT  TO  RISHT  OF  CLOUNN  22  18 
•SAVED 

•LINES  160-100  ARE  READ  BY  DICES. 


0007  7FFF 


000C  7FFF 


0010  0000 
0011  7FFF 
0012  0000 
0013  0000 
0014  0000 
0019  0000 
0016  01A3 


(LINE  160  BELOW) 


CS01 

DATA 

13003 

CB11 

DATA  -12970 

C821 

DATA 

0 

CA11 

DATA 

32702 

CA21 

DATA 

CB06 

DATA 

32767 

CB12 

DATA 

CB22 

DATA 

CA12 

DATA 

CASS 

DATA 

CB03 

DATA 

32767 

CB13 

DATA 

CB23 

DATA 

CA13 

DATA 

CA23 

DATA 

CB04 

DATA 

38767 

CB14 

DATA 

CB24 

DATA 

CA14 

DATA 

CA24 

DATA 

8MP 

DATA 

419 

•(LINE 

160  ABOVE 

•SAMPLE  RATE  (1/400TH  OF 
*  DESIRED)  THIS  PROVIDES  A  RANGE 
•OF  10  MSEC  TO  20.97  8EC8 


0017 

060A 

HD 

DATA 

)000A 

•AUTO  SAMPLE  MODE 

0016 

0196 

TH 

DATA 

400 

’CONSTANT 

0019 

7FFF 

Ml 

DATA 

>7FFF 

•INPUT  NA0K  VALUE 

001A 

0000 

MB 

DATA 

>0000 

•OUTPUT  MASK  VALUE 

END  CONSTANT  DATA 


PROBRAN  START 


0S1B  BESS  START  LOPK  0 


•USE  AA0  AS  POINTER 


DATA  8TOAA0E  AND  INITIALIZATIONS 


0007  001C  7E01 
0000  6010  900E 
0009  001E  70CC 


LACK  1  'ACC-1 

8ACL  ONE  ’CONTENT  OF  DATA  MEN  "ONE"  IS  1 

LARK  ARS, MASKS  ’THIS  SECTION  OF  CODE  LOADS 

•THE  COMPENSATOR  COEFFICIENTS 


0010  001F  7110 


LARK  AR1,24 


SS1I  SS8S 

7E1A 

LACK  N8 

•AM)  OTHER  VALUES  FROM  PROBRAM 

ssis  SSE1 

6668 

LOAD 

LARP  AR8 

•MEMORY  TO  DATA  MEMORY 

•213  SSS8 

6791 

TBLR  *— ,  AR1 

•MV  DATA  FRM  PR8  MEM  TO  DATA  MEM 

•814  SS83 

1S8E 

SUB  ONE 

•DEC  MEMORY  POINTER  BY  ONE 

•815  8884 

FES8 

BNZ  LOAD 

•  IF  NOT  AT  END  OF  DATA,  DO  ABAIN 

•885 

8881 

•816 

• 

•817 

• 

SET  INITIAL  8TATE  OF  FILTER  DELAY  N0DE8  TO  ZERO 

•816 

• 

•819  SS86 

7*13 

LARK  AR8.Y1KM8 

•LOAD  ADDR  OF  YIKM8 

•888  8887 

7113 

LARK  AR1, 19 

'LOAD  NUMBER  OF  L0C8  TO  ZERO  OUT 

•881  8888 

7F89 

ZAC 

•ACC-8 

•888  8889 

6888 

LP1 

LARP  AR8 

•USE  AR8  AS  POINTER 

•883  888A 

5891 

8ACL  4-.8.AR1  ’ 8TR  ACC  (-8)  IN  <AR8)/THEN  USE  AR1 

•884  888B 

F488 

BANZ  LP1 

•DEC  COUNTER  (AR1)  BY  ONE 

•sec 

•889 

•885 

• 

•  IF  NOT  AT  END  YET,  KEEP  BQINB 

•887 

• 

SET  UP  HINU81  TO  -1 

•888 

• 

•889  888D 

8888 

LAC  NABK1 

•838  888E 

618C 

ADDS  NABK8 

•831  M2F 

S88F 

8ACL  HINU81 

•838 

• 

8833 

• 

INITIALIZE  AIB 

•834 

• 

•835  8838 

4889 

OUT  NODE, PAS 

•  INITIALIZATION  OF  ANALOG 

•836  8831 

4988 

OUT  CLOCK, PA 1 

•  INTERFACE  BOARD 

•837 

« 

•836 

• 

SET  OVERFLOW  NODE 

•839 

* 

•848  8838 

7F88 

SOVW 

•SET  AUTO  OVERFLOW  MODE 

•841 

• 

•848 

whmhhW)  DATA  BTORABE  AND  INITIALIZATIONS******** 

•843 

88AA 

• 

•845 

• 

START 

INFINITE  LOOP 

•CIO 

•847 

• 

•846  8833 

888A 

WAIT 

LAC  MULT 

•READ  INPUT  EVERY  488  SAMPLES 

•849  M34 

F688 

WTHQR 

BIOZ  NXTPT 

•BO  TO  NXTPT  WHEN  BIO  PIN  GOES 

•835 

•836 

•LOW 

•858  M36 

F988 

B  WTMOR 

•80  WAIT  FOR  BIO  PIN  TO  60  LOW 

•837 

•834 

•851 

• 

•858  8836 

188E 

NXTPT 

SUB  ONE 

•BUB  ONE  FROM  CTR  (ACC-ACC-1) 

•853  8839 

4889 

IN  X1K,PA8 

•READ  SAMPLE 

•854  883A 

FE88 

BNZ  WTMOR 

M38 

•834 

s 

• 

CONVERT  FORMAT  TO  TWO'S  COMPLEMENT 

8857 

• 

LAC  X1K 
XOft  MABK1 


•THIS  SECTION  CONVERTS  XIK  FRON 
•THE  ANRLO0  INTERFACE  BOARD* 8 


.  -  .  *  _•  .V  •  .  •  *  .  . 


.  i  .  r.  v  v 


•FORMAT  TO  TWO’ 8  COMPLEMENT 
•FORMAT 


FIRST  CASCADE  SECTION 


KC6  883F  7FS9 

ZAC 

•ACC-  8 

8867  8848  6ASB 

LT  X1KM8 

•T-Xl (K-8> 

•esa  ss4t  sots 

MPY  B81 

•P-T*B81/8 

MM  MM  CMA 

VKSs  W9^L  D0VH 

LTD  X1KM1 

•T-Xl  (K-l)  |A-A+P|X1  (K-8) -XI  (K-l) 

8878  8843  6019 

MPY  811 

•P-T*Bll/8 

8871  8044  6889 

LTD  X1K 

•T-Xl (K> |A-A*P|X1 (K-l > -XI (K) 

8878  8849  6014 

MPY  Ml 

•P-T4M1/8 

8873  8846  6C13 

LTA  Y1KM8 

•T-Yl (K-8) 

8874  8847  6018 

MPY  A81 

•P-T«A81/8 

8879  8848  6818 

LTD  Y1KM1 

• T-Yl (K-l ) |A-A«P| Y1 (K-8) -Y1 (K-l > 

8876  8849  6017 

MPY  All 

•P-T4A11/8 

8877  884A  7F8F 

ABAT 

nrm# 

•A-A+P 

8878  884B  9918 

8879  • 

8ACH  Y1KM1, 1 

•VKK-l)-Yl(K)  (8*ACC) 

8881  • 

SECOND  CASCADE  SECTION  • 

8884  684C  SAM 

LT  X2KM8 

•T-XS(K-S) 

8889  884D  6D1B 

MPY  B88 

•P-T»B88/8 

8886  884E  6B87 

LTD  X8KM1 

•T-XS(K-l) | A-A+P | X2 (K-8) -X8 (K-l ) 

8M7  884F  601A 

MPY  BIS 

•P-TO18/8 

8868  8898  6886 

LTD  X2K 

•T-XS(K) f A-A*P| XS (K-l ) »X8 (K) 

8889  8891  6019 

MPY  BM 

•P-T«B88/S 

88M  8808  6CU 

LTA  Y8KMB 

•T-YS(K-S) 

8891  8893  6010 

MPY  888 

' P-T*A88/8 

8898  8894  6818 

LTD  Y8KM1 

•  T-Y8 (K-l ) , A-A+Pf YS(K-S) -Y8 (K-l ) 

8893  8899  60 1C 

MPY  Alt 

•P-T*AlS/8 

m  m  m  mm  1 i 


1  7*  \  y  \mi  ^  v"-  '.""  '. 


V  7  .* V  r  "V  i  v:  "iT- 


M96  7F8F  APAC  ’A-A*P 

M57  9919  BACH  Y2KM1, i  ' Y2 <K-1)-Y2<K)  <2*ACC> 


•291  •  THIRD  CASCADE  SECTION 

•Ml  MSB  SAM 

LT  X3KM2 

•T-X3(K-8) 

•Me  M99  sdm 

MPY  M3 

*  P“T*B83/2 

•313  MM  SB04 

LTD  X3KM1 

*  T-X3 IK-1 ) |A-A*P| X3 (K-2) -X3 (K- 

•304  MSI  6D1F 

MPY  B13 

»P-T«B13/2 

•MS  MSC  6803 

LTD  X3K 

•T«X3(K> |A-A+P|X3<K-1)-X3<K> 

UK  M5D  6D1E 

MPY  B03 

*  P"T*B93/2 

•317  MSE  6CSF 

LTA  Y3KM2 

*T-Y3(K-8) 

•3M  M9F  soee 

MPY  A83 

*P»T*A23/2 

•M9  MM  6BM 

LTD  Y3KM1 

*T-Y3(K-I>  |A^HP|Y3(K-2)»Y3(K-: 

U10  M61  6D81 

MPY  A13 

* P"T*A13/8 

•311  MM  7FBF 

AMT 

Brnl# 

•A«A+P 

•312  M63  99M 

BACH  Y3KM1, 1 

•Y3«-1>»Y3(K)  <2«ACC> 

•313  • 

All  A  hi 

•319  • 

•tic  m 

FOURTH  CABCME  SECTION 

Mid  wwi 

•317  * 

•310  M64  SAM 

LT  X4KM8 

*  T«X4 (K-8) 

•319  M69  6029 

MPY  M4 

* P»T#B24/2 

•3M  MSS  SMI 

LTD  X4KM1 

•T«X4<K-1> |A-A*P|X4<K-e>-X4(K- 

•381  M67  6024 

MPY  B14 

’P-T*B14/2 

•382  MM  6BM 

LTD  X4K 

*T-X4(K> |A"A+P|X4(K-1)*X4(K> 

•383  MS9  6083 

MPY  B04 

» P-T*M4/2 

•384  MSA  6CM 

LTA  Y4MM8 

*T»Y4<K-2> 

MPY  A84 


*P»T«A84/8 


•38S 

•387 


•389 


•338 

•331 

•338 

•333 

•334 


•336 

•337 

•33a 

•339 

•339 


•341 

•341 


M6C  6B8C 

LTD  Y4KM1 

*T«Y4(K-1) |A-A*P|Y4<K-8)-Y4(K-l> 

M6D  6D86 

MPY  A14 

»P-T«A14/8 

M6E  7F8F 

AQAT 

*A-A«P 

•86F  99K 

• 

SACH  Y4KM1, 1 

*Y4<K-1)-V4(K>  (8*ACC) 

«M  END  OF  FOURTH  CASCADE  SECTION  AND  ENTIRE  FILTER  «« 

9979  9980 

SACH  YK'l 

M71  8S8C 

LAC  MA8K8 

*  THI8  SECTION  CONVERTS  YK  FROM 

•878  7080 

XOR  YK 

’TWO’S  COMPLEMENT  FORMAT  TO  THE 

M73  9880 

8ACL  YK 

* ANALOS  INTERFACE  BOARD* 8  FORMAT 

0074  4A8D 

OUT  YK,PA8 

’OUTPUT  THE  COMPENSATOR  RESPONSE 

0074  4A8D 

OUT  YK.PA8 

’OUTPUT  THE  COMPENSATOR  RESPONSE 

M75  F9M 

• 

8  WAIT 

*80  SET  THE  NEXT  SAMPLE 

•876  8833 

•348  * 

•343  END 


NO  ERRORS.  NO  UARN1NBB 


3  Kohm  resistors  matched  to  within  \%  per  pair 


Figure  E-l.  Analog  Interface  Board  Modifications 
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Engineering  from  Syracuse  University,  Syracuse,  New  York  in 
May,  1980.  He  entered  Officer  Training  School  at  Lackland 
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